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Willst du iuB Unendliclie Sclireiten 
Geh'nur im Endlichen nach alien Seiten. 

Willst du dich am Ganzen erqnickon? 
So musst da das Qanze im Kleinsten erblickcn. 

Goethb's Spruchc, 

The teacher need make no apology for adding another to. 
ilie list of text-books, if he supplies what ho belie'\'eSy rightly 
or wrongly, to be a want, if he does his work conscientiously, 
and if he is content to abide by the verdict which natural 
selection will make abundantly clear to himself and his 
publisher. 

I have endeavoured to give greater continuity to the 
Geological argument than is usual in books on Physical 
Geography, and in doing so it has been necessary to intn> 
dace topics which are still xmder discussion. Had space 
permitted I should have done so to a larger extent, knowing 
bj experience that students learn more from careful analyses 
of current controversies than from the safer but less inte- 
resting lectures which are confined to the recapitulation of 
" generally accepted conclusions/' 

Every teacher can devise questions on each chapter for 
Mmself, but the private student will derive much assistance 
from the "Two Thousand Questions on Physical Geography," 
by Professor Ansted, By their aid he will be able, not 
merely to test his own progress, but to acquire the art of 
answering questions^ which, apart from its special value in 
"this age of examinations, is an admirable training in the art 
•^of studying. 

A I am greatly indebted to Mr. James Macaulay, of St. 
< Stephen's School, Glasgow, for important assistance and valu- 
^Me advice in the preiMmtion of this book. To YiVm \ «a\. 



iiideljtod for tlie compiii-ative Tabic of Centigi-ade and 
FftlirenLeit Degrees. 

Jly former colleagues on. the Geological Survey, especially 
Professor Geikie, Mr. Jamea Geikie, and Mr. Wliitaker, 
will find that I have boiTowed largely fi-om theii- conversa- 
tions, and from their published papers. I trust they will 
forgive me for thus laying them under contiibution, if I 
liave succeeded in fairly representing their views. 

To Professor A. C. Eamsay, Director General of the 
Geological Survey, I am under obligations which the fre- 
quent references to him do not exhaust, and I should have 
asked permission to dedicate this vohuno to him but tliat the 
association of his name might have been misconstiiied into 
flji unauthorised guarantee for a mere text-book. He has, 
by his writings and his pereonal influence, done more than 
any living Geologist to establish the connection, rather the 
identity of Geology and Physical Geography, which I have 
tried to make clear. In his and Professor Huxley's contri- 
butions to the Proceedings of the Geological Society, the 
future historiaa of Geology will recognise tlie convergeDoe 
of the geological and zoological lines of iavestigation. The 
reconciliation of the physical investigations which HnttoD 
initiated, with the zoological enqiuriea to which Cuvier'a 
name gave for many years undue weight, ia not yet complete; 
but Professor Eamsay has pointed out the way from the geo- 
logical side. I shall have earned my reward if this volume 

Dund to be entitled to a share in the work which he has 
e so much to atlvanco. 

John You no. 
U.sivEKsiTir or CIlasgow, 
2foKvd/er 1873. 
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INTRODUCTION. 



Physical Geoobaphy is the history of the Earth, its past 

and present, interpreted by the light of Astronomy, (Jeology, 

and Biology. It is not a mere description of the features of* 

sea and land, for these, as we now see them, are only one 

phase in a series of events of which we do not know the 

b^inning, nor can we foretell the end. The enumeration, 

however accurate and exhaustive, of the movements of Ocean 

and Atmosphere is comparatively useless, unless we can arrive 

at some general principle to which these are subordinated. 

l^or is it enough to know the plants and animals which 

occupy the various regions of land and water : we must seek 

for the explanation of their diversity, and ascertain if the 

distribution of organised beings in the past throws any light 

on their relations in the present. 

Physical Geography is, to adopt the elegant figure of M. 
Guyot, the anatomy and physiology of the earth. Geology 
deals with the anatomical problem, what are the materials of 
which the earth's crust is composed, and appeals to chemistry 
and physics for aid in elucidating the details of the processes 
by which these* mateiials come to exhibit their present 
arrangement ; it illustrates, by phenomena going on around 
us, the agencies by which the surface configuration has been 
modified from time to time ; but with this purely anatomical 
investigation its labours end. It is a part of the duty of the 
zoologist and botanist to determine, by reference to their 
comparative structure, the animals or plants which now and 
in Repast have lived on the earth, and to growp t\xem. Wi ^^ 
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12 PHYSICAL GEOGRAt»HY. 

her inhabitants, even, the nature of her political institutions 
have been to a large extent dependent on events long 
anterior to the advent of man. Similar illustrations might 
be drawn from the history of other countries, but few furnish 
a similarly connected and simple narrative. 



it is impossible within the compass of a volume such as 
this to do more than touch incidentally on the leading 
genei-alizations which are now regarded as sufficiently estab- 
lished to be safely put before the student. It is necessary to 
give a brief summary of the principal astronomical facts 
which must be borne in mind in the investigation of currents, 
climates, and seasons, and to state as concisely as possible 
those geological processes, the operation and results of which 
will be considered in the immediately succeeding chapters. 
Geology and Physical Geography are so intimately associated 
that it seems unfortunate that both terms should be retained. 
The dismemberment of one science was useful in those earlier 
days when, there being no recognised past in the material 
world with which at least man had any concern, the history 
of the earth was summed up in mineralogy and preconcep- 
tions, but the dismemberment is now ai-bitrary and mis- 
leading. 



CHAPTER L 
SECTION I. 

The Earth: its Dimensions — Equatorial Protuberance — ^Axis of Rota- 
tion: limits of its Oscillation — Ecliptic: Influence of its Obliquity 
on the Distribution of Light and Heat — Mass and Density of 
'the Earth — Opinions as to Internal Fluidity; UnderCTound 
Temperature ; Secular Cooling — Eccentricity of the Earth's 
Orbit; limit of Variation — Precession of the Equinoxes — Dis- 
turbing Influence of Planets — The Moon : its Distance ; ita 
Mass. . 

The Earth is one of the planetary bodies which, revolving 
round the Sun as a centre, make up the Solar system. The 
size of these bodies is unequal, and some of them are only 
secondarily related to the Sun as a centre, since they revolve 
fts satellites around other bodies. 

1. Dimensions of the Earth. — ^The mean diameter of 
the earth is 7912 miles, the equatorial or larger diameter 
being 7925*6 miles, and the polar 7899-1. The difference 
between these dimensions, 26*5 miles, represents the amount 
of polar compression which gives to the globe the figure 
of an oblate spheroid. Nor is this the only inequality, 
since it is asserted that the equatorial diameters do not 
all agree, a difference even to the extent of a mile exist- 
ing between some of them. We may compare the equa- 
torial protuberance to a layer laid on a sphere, so that 
we have around that region of the earth a mountain mass, 
so to speak, with slowly sloping sides. On the assump- 
tion of the former plavSticity of the earth's mass, the oblate 
spheroidal form is that which a sphere, revolving on its own 
axis, would naturally assume. It has been suggested that 
the tapering of continents southward was connected with 
the rotation form of the earth's massj but, iix t\ie tok\> ^^^Rfe^ 
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^^^ thera is no roafion to beliove that tlie earth now altei^ its 

^^m form otherwise thou by the modificatioii of the surface 

^^m effected by denudation imd local subterranean moyemeuts; 

^^B in the eeaond place, the attenuation oommences to the north. 

^^H of the eqiiator, and some of the pyramids, in place of tending 

^^M away from, tend towards the equator; and thit'dlj, marine 

^^B Bedimentaiy deposits prove that at one period moi'e or lesa 

^^m of the region of most rapid rotation was iteelf the seat 

^^B of an ocean. The stability of the axis of the earth is a 

^^^ necessary consequence of the equatorial protuberance, since 

^^K ftny disturbing force which would be sii^cient to shift the 

^H axis of rotation, must be very powerful to overcome the 

obstacle provided by this great mass. Hence, any departure 

icoja the normal position of the polar axis is within veiy 

narrow limitsj and, in point of fact, there is a constant 

oscillation in the endeavour to restore equilibrium. The 

inclination of the polai' axis to the plane of the earth's orbit, 

that is, to the ecliptic, ia 23^", but it is known that this 

is diminishing at the rate of 48" in the century; and, oiler 

attaining its maximum, iriU move in the opposite direction, 

the range of variation being 1° 21', 

2. Z>iBtriblltion of Light and Heat. — As a consequence 
of this obliquity the earth in its movements round the sun 

I receives heat alternately to the north and to the south 
of the equator ; so that, in place of an equatorial bond 
of warmth and two polar zones of constant and extreme 
oo!d, we have alternations of temperature and more equal 
distribution of light ; for, if the sua were always vei-tical to 
the equatorial area, a considerable tract of the arctic and 
antarctic circles would be in deep twilight, and the duration 
of day and night would be equal all over the rest of the 
globa This distribution of light and heat equally over the 
north and south hemispheres promotes equyibrium in all 
other respectB. Aa we shall afterwards find, the movements 
of the atmosphere and of the ocean are, doubtless, powerfully 
affected by the rotation of the earth, but are chiefly deter- 
mined by the physical features of the land. 
kS. Ussa and Density of the Earth. — The mass of the 
1.h is about 26D,801 millions of cubic miles, and the 
ttiSo gravity has been determined by experiments to be 
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from 5 to 5 '67, the extreme amoimt huviag lieen oliaei-ved 
by Airy who, from experunents at the moutli and liottijin of 
a coal pit, eatiuiated it at 6*56. latiioataly aasociatud witH 
the estimate of the deosity of the at&sB ia the t^uestion of its 
iatemal condition. 

4. Internal Sloidity. — Different viowa are entertfunod 
at the present time as to the existence or not of a central 
fluid mass, and the observations upon which is based 
the inference that there must exist such a fluid core nrs^ 
that at 2151 feet the temperature is 75°F. (24°G.)> that' 
of a stratum at IT feet hciiig coiistantly 5VF. (10'5°0,)r 
In Cornwall 32'5°C have heeii recorded at a depth of 1209 
feet, and the borings at Oreiizot show that there is an inn 
crease of temperature by 1°F. for every 55 feet of descvnt^. 
Wt after 1800 fuet have been reached the incveose is 1° ift- 
41 feet. The existence of hot springs, issuing from vaults 
"which extend to very considerable depths, likewise point to 
the conclusiou that a very high temperature exists some 
distance beneath the surface ; and the outpouring of lava 
from so many orifices has hitherto always been looked upon 
as only explicable on the aesumptiou that a gi-eat reservoir 
of molten matter imiformly undeilay the cmat If tho 
increase of temperature goes on increasing with depth accord- 
ing to the calculations at Creuzot, theu we ahoulil expect to 
find that, at 50 miles beneath the Burfaee, the heat would be 
4600°F., that is considerably gi-eater than ia required to fuse 
platinum. It has been calculated that the sedimentary 
strata represent a thickness of 20 miles, and, on the assump- 
tion of a uniform increase of temi>ei".itm'e, we should fiai' 
that the sedimentary strata were at their deepest pari^ 
subjected to a temperature capable of meltiug bi-ass, and 
probably not far short of that at which gold ia melted , ao 
that a veiy short distance compai-atively beneath the crust 
would bring us to a region in which every known substance 
would he in the fluid condition. But it is unknown how far 
iacrease of pressure has to do with the keeping matter in a 
solid condition even at very great temperaturoa, and, at the 
same time, when it ia remembei-ed that the sjiecijBc gravity of 
the earth is estimated at 6 or 6, while none of the con- 
stituents of the earth'a crust have ahightx Byeiafi.ti ^jw" 
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than 3, it U obyious that pressure and heat baye oppwiVV 
tendencies, and that the influence of pi-essure is greater than ' 
that of heat; for, while the compreaaed rocks ■would give a 
specific gravity very much higher than that of the earth's 
mass, the expansion consequent upon, the existence of heat 
in their substance keeps it down to the more moderate limit. 
Sir William Thomson has investigated tlie question of the 
cooling of the eaa-th, and looks upon the increase of tempera- 
ture from the auziace downwards as proof of the constant loss 
of heat from the globe, the heat radiating into sjiace without 
sensibly elevating the tempeiature of the upper crust through 
which it passes. The continuance of such a loss of heat 
involves belief in the OMurrence of a period at which the 
earth was a fluid mass, and Sir William Thomson has fixed 
that period at not less than 300 millions, nor more than 

■ 400 millions, of years ago ; the probability being that 100 
millions of years is the Imiit of geological history, and that, 
prior to that time the earth's surface was unfit for the main- 
tenance of animal or vegetable life. But he does not con- 
sider it probable that the crust was fomied, as is commonly 
assumed, by the consolidation of on outer layer ; lie believes 
that this outer layer did not acquire its firmnesa till the 
globe had become very nearly solid ; and that, as the con- 
solidation commenced from the centre and went towai'ds the 
circumference, the last portion to be formed would be the 
external crust. He agrees with Mr. Hopkins in believing 
that within the crust, cavities or chambers exist in which 
molten matters are found, and that it is this cavernous layer, 
separating the external cinist from tlie soKd coi-e, which is the 
I source of volcanoes and their attendant phenomena, whose 
C' development is excited either by the breaking in of the 
[■roofs, or by the introduction of matter, chiefly water, from 
l.tiie exterior, or by the subsidence of the crust compressing 
L the fiuid matters contained in the spaces. While it is certain 
L that the eaith has consolidated from the fluid state, the 
■•Taguenegs of the limit above assigned has been made ground 
upf objection, and it has been pointed out that there is no 
jbieans of detemiiniug the rat© at which j-adiation has taken 
' :e in the past, since at pi-esent the atmosphere checks 
mtion in pi-oportion to the quantity of aijueous vapour it 



contains. These and other considerations have been advanced, 
not in disproof of the statements as to the fact that there is 
a loss of temperature, but as suggesting that our knowledge 
is not yet sufficient to fix the rate of loss, still less the period 
when the globe became habitable, and when it shall cease to 
be so. The organic world does not furnish any guide to the 
solution of the problem, and this speculative question must, 
therefore, be left in the meantime. 

6. Eccentricity of the Earth's Orbit. — ^The path dcsciibcd 
by the earth round the sun is an ellii)se, of wliich the sun 
occupies one focus. The amount of eccentricity varies, so 
that, as calculated by Mr. Carrick Moore, the difierenco 
between the earth's greatest and least distance from the suu 
was as given in the following table : — 

250,000 years before 1800, A.D., 4 J millions of miles. 

210,000 „ ,10i 

200,000 „ lOi „ 

150,000 „ 6 „ 

100,000 „ 8i „ 

60,000 „ 21 

„ 3 „ 

The orbit, therefore, made its nearest approach to a circular 
form 50,000 years ago, and is now tending again toward:* 
greater eccentricity. 

6. Precession of the Equinoxes. — ^The rotation of the 

earth on its axis gives the alternations of day and night ; 
but its revolution round the sun gives with the obliquity of 
tho axis the seasonal differences, as well as the alternation 
of these seasons in the northern and southern hcmispliercK. 
Twice every year in the course of its revolution the earth 
arrives at a point where the ecliptic cuts the equator, and tho 
day and night are then equal all over the earth; tv/iee every 
year the earth arrives at a point where the sun illuminates 
the noi*thern hemisphere and the southern liemisphere respec- 
tively, and when the sun has attained its greatest northern 
limit, the summer solstice of the northern hemisphere takes 
place, the sun thereafter declining to the south, till, pti>ssing 
the equator, the summer solstice of the southern hemisphere 
is reached in its turn. If the revolutions of the earth round 
the sun were performed in equal times, the solstice would 
23 o 
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ftlwaya ocoar at the same i>oii\t iii the orbit. But retardation 
makes tlio earth arrive at the same point succeaaively a little 
later at each revolution, and thus the solstice of the northern 
hemisphei-e, occuniog at one peiiod when the earth is 
nearest the sun, or in perihelion, gradually cornea round 
later and later till it coincides with the earth's gi-catost dis- 
tance fi'oiu the aun, of aphelion. But another inflnonce also 
comes into play, namely, the revolution of the apsidea, the 
long axis of the earth's elliptic orbit slowly changing its ' 
direction under the same diaturbing influences. By the 
joint influence of precession and the i-evolution of the apsides, 
the period in which the earth completes this cycle is 21,000 
years : within that time the north pole will have passed 
through every intermediate position lictween that when its 
winter was in aphelion back again to the same point. 

7. Amount of Heat received by the Earth. — The total 
Rmount of heat received by the earth is in the invei'se pi'o- . 
portion to tlia minor axis of its orbit; a lai^er amount, 

b 'therefore, ia received during extreme eccentricity of the orbit 

I -than when it is moi-e neai-ly circular. The obliquity of the 

\ ecliptic, or the inclination of the eai-th's nxia to Ute plane of 

its orbit, varies as baa been said : at its maximum the polar 

regions would receive ■j'j- more of beat than they do at 

present, and at ita minimum the amoimt of heat would be 

correspondingly diminished. It ia unnecessary to speak of 

theoretical consequences of these various astronomical 

Litiona, since, in diaoussing chaugea of climate the actual 

[Ha, controlled by the physical conditions of the earth's 

Surface, will be summed up. 

8. DiBtnrMtig Inflaenees of Planets. — The disturbing 
influences alluded to above are duo to the attraction of the 
planets Jupiter, Saturn, and Mara, superior planets, as they 
ore called, whoso orbits, that is to say, are external to that 

the earth, and by Venus among the inferior planets, 
those whose orbits are internal to that of the earth. 

9. The Moon. — The moon describes an elliptic orbit, 
having the earth in one of ita foci. Its mean distance from 

■th is 226,000 miles, and its orbit ia inclined to the 
ecliplic at an angle of 5" 8' 48", so that its altitude is greater 
than that of the sun at ita summer and winter 
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COMPOSITION OP earth's CRUST. 19 

solstices. Its mass has been determined as -g^T of the 
earth ; its bulk to be ^ of the earth, and its density '6. 
Its rotation is performed in the same time as its revolution 
round the earth, the lunar month or period of these move- 
ments being 29cL 12h. 4:4m. 2-87sec. The attraction excited 
by this satellite on the earth, and especially its influence on 
the tidal phenomena, will be discussed in a futui*e chapter. 

The relations of the other planetary bodies to the earth 
belong to the domain of astronomy, from which we borrow 
the fact that their attraction on the earth's mass varies with 
their proximity to or distance from it, according as thcii 
elliptic orbits bring them nearer or carry them farther away. 



SECTION n. 

Compositioii of Earth's Cnist — Table of Formations — ^Interpretation 
of such Tables — Comparative Sections in Britain — Unconformity 
— Sedimentary Formations not all Marine. 

10. Composition of Earth's Crust. — Whatever may be 

the composition of the interior of the earth, it is certain 

that its surface consists of various materials, arranged either 

in regular masses or irregularly comingled. The chemical 

substances entering into the composition of the earth's crust 

are, of course, all those which are known to the chemist, but 

the proportions in which they exist are exceedingly various; 

thus calcium carbonate is almost universally found, whereas 

phosphorus is comparatively rare. The quantity of each 

of the elements which enter into the composition of the 

stratified deposits, and their relative importance, are fau^ly 

represented by the following analysis given by Roscoe from 

the examination of palseozoic rocks. In 100 parts^ by 

weight, there are of 

Oxygen, 44 to 48*7. Calcium, 6 6 to OO. 

Silicon, 22-8 to 36-2. Magnesium, 27 to 01. 

Aluminium, 9*9 to 6-1. SocEum, 2*4 to 2 5. 

Iron, 9 9 to 2*4, Potassium, 17 to 3*1. 

The composition and mode of combination of the differeivt 
elements is likewise very various. The discussion oi ^"Si^Q 
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diflcrencca 'beloiigs to the pvovince of chomical geology, but 
it will b« necessary to jioiut o\it in a general way, the 
manner in which the diiierent ingredients are presented to 
the field observer. 

IL Foimation of the Earth's CniBt. — Commencing at the 
mirface of the earth in tempei-ate regions, we £nd a variable 
amount of Goil overlying gravel, sand, and clay, all more or 
lesB incoherent. Beneath these we come to harder mateiial, 
disposed in layers, the inclinations of which to the horizon 
are widely differeiit, ranging from horizontal to perpendicular. 
As every one of those layera owes its existence to the dia- 
int^ratiou of a previously consolidated mass, it is obvious 
that there must be a point beyond which it is impoasibla foi- 
ua to trace the atratiiied i-ocka, a point at which the eai'liest 
formed strata have disappeared, and that point is reached 
in the Laurentian seiies; for though these have obviously 
been deposited as sedimentaiy strata, yet the sources of 
these sediments are nowhere to be reeogniaed now, Lauren- 
tian rocks are therefore not the oldest, but the oldest known 
component* of the earth's cnist; all tho succeeding forma- 
tions, tabulated as follows, — 

■■cillMioceno. || 

e^^ [Eocene. |'^ 

are derived each from that which had gone before. Calcula- 
tions have been made as to the thickness of the eailh'a crust, 
the greatest thickness of each of these formations, or their 
niean thickness, according to the views of the calculator, being 
taken and added together ; the i-esult is very serious mis- 
apprehension of the relations of the strata to each other. 
For although a table, such as that above, represents every 
formation as if it lay in contact with one above and ono 
below, and thoiigh it thus suggests the presence of all these 
layers as the noimal condition of the earth's crust, it must 
be homo in mind that it is impossible for all of these strata 
to exist at eveiy point of the earth's surface, without our 
imagining that Hie eeaa and lands of the past had alternated, 



Recent, 
'leistooene. 



Cretaeeotis. 
Wealden. 
Oolitic. 
Trioasic. 



Carboiiiferous. 
Old lied. 
SiLuritui. 
Cambriut. 
.lAureiituui. 
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and Bad, each of them in turn, covered the sui-face of the 
globe, a supposition which is contrary to analogy and to ex- 
perience. A geological section or table is true only for the 
locality at which it is taken. Movements of elevation and 
subsidence are constantly going on at various pomts, and the 
positions of sea and land are constantly shifting ; it will be 
apparent that every change in the position of land and water 
means addition to, or diminution of, the amount of sedi- 
mentary layers, or even the entire arrest of their deposition. 
The persistence of continental conditions for a long period 
necessarily prevents the formation of sedimentary accumula- 
tions over that area, and thus we have in the British Islands 
a remarkable difference in the succession of the rocks at 
different parts, the following being very good examples of 
what it is desired to explain : — 

COMPARATIVE SECTIONS IN UNITED KINGDOM. 

North of Scotland^ 
W. ^ E. 






Oolit 



Grampians to Lahmermoors. 

London to Isle of Wight. 
N.E. S.W. 

^ WeuMeii. '%^ ^^^ Wealdcn. 

Wales to Cornwall. 
N. 8. 
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!. Unconformity of Formations. — The thickncsi 

talified portion of cmat may or may not be twenty nulea, 

t the calculattDua \ipon which it is bttsed are futile, and 

t to convey iin et'foneoua notion of physical geograpliy. If 

our opportunities of ohaervation were complete, we should 

Le able to form a picture at every epoch of the changes 

of land or watei*; we ehould be able, fiom a comparison 

of sedimentary deposits and the ai-eos they occupy, to fix 

the position of eveiy change. But, in the first phu», the 

I geological record ia not complete, denudation having re- 

l.moved a great many of the strata; and, in the second place, 

"re have no guide fo the absolute tijue which, may have 

tepaed between any two events. Thus we find in Scotland 

pat the old red ttandstoiie is covered by the oolites, whereas 

1 England the carboniferous ejMich, tlio pemiiim, and the 

_ria8sic intervened between these two sets of beds; but wo 

tannot tell whether the interval represented by the absence 

"f deposit ia gi-eater, equal to, or less tlian the interval re- 

resentcd in England by all tliese formations, though the 

robability ia that it was about the same. 

If CTery one of the fonnations mentioned in the table 

' 3 sea bottom, and if we find that any one ot 

these foiTnations is in contact with, not one, but several of 

those which were formed btfore it, it is obvimis that the sea 

bottom upon which it is laid down was not nniform, and was 

not made up of the same pai-ta Tliis relation, which is 

, tnowji as unconformity, may be represented by the siibjouicd 

L diagraiu, in which tlie planes of the sti'ata are indicated by 

I'tiie slope of the printed names. 

TILVNSVERSE SECTION OF SCOTUND. 

. "-. \ %^^ -"'■ 



_ 13. Sedimentary Formations not all Marine. — This 
'ion shows a nuiuhcr of imconformitiea, each one of whicli 
3atB exactly the eanic steps. We have, firet of all, tlie 



SEDIMENTARY FORMATIONS NOT ALL MARINE. 23 

deposit of the strata from water, then elevation until 
they have lost their approximate horizontality; we have 
them brought within the denuding action of the waves of 
the sea, or they may be elevated stiU more so as to be acted 
on by the atmosphere; and, again submerged after their up« 
turned edges had thus undergone considerable reduction, they 
become the seat of fresh accumulations. The time occupied 
in these processes is unknown; it may be long or it may be 
short, for we cannot tell how many times these processes 
may have been repeated, we cannot tell how many accumular 
tions have begn laid down thus unconformably, have been 
swept away, and upon the fresh worn surface of the sub- 
jacent rocks another pile deposited. We see in fact only tho 
last step in the process; we cannot tell how many similar 
steps had occurred before. But from the statement that all 
these formations represent sedimentaiy deposits, and by that 
is usually meant marine accumulations, some deduction must 
be made. Professor Ramsay has given good reason to believe 
that the cambrian, the old red sandstone, the permian, tho 
triassic, and part of the carboniferous formations, re])resent 
the remains of continental areas, of land surfaces, or of land 
locked basins in which a meagre fauna lived, and in which 
the deposits were largely chemical. Tliis is among the fii'st 
attempts that have been made to connect the continents of 
the present with those of the extreme past; and it seems as 
if we were very nearly able to say that the land surfaces of 
the triassic times are continued by the present continents, 
and that, extensive as may have been the upward and down- 
ward movements and other changes of their surface, these 
have not been simultaneous at all points, and thus the direct, 
uninterrupted transmission of plant and animal life has taken 
place as unmistakably as it has taken place in the ocean. 

In a subsequent section, an attempt will be made to show 
how a continent may gradually become developed or evolved 
by the addition of layer to layer, by the gradual elevation of 
each layer, as it has been formed, to become the shore of the 
land. 
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SECTION III. 

Most Common Mineralfl— Table of Rocks— Difficulty of Classifica- 
tion: Transition Groups — ^Mechanically, Chemically, Organically 
Formed Kocks — Hypogene Kocks. 

14. Minerals. — The elements which enter most largely 
into the composition of mineral masses are: hydrogen, chlo- 
rine, sodium, potassium, oxygen, sulphur, calcium, mag- 
nesium, carbon, silicon, aluminium, iron, fluorine, boron, 
phosphorus, lithium, barium, zirconium. A mineral is a 
chemical substance having a definite composition and a 
definite form; a rock is made up of various minerals in 
different proportions, and has no definite form. It only 
concerns the geographer to ascertain the composition and 
structure of rock masses, or that department which the 
geologist recognises as petrology. 

15. Rocks. — Rocks may be gi'ouped as — 

A. Mechanical. 

1. Sedimentary: — 

a. Arenaceous, e.g., Conglomerate. Sandstone. 
6. Argillaceous, e.g.. Mud. Clay. Shale. 

2. ^olian: — 

Blown Sand. Dunes. 

3. SUBAERIAL: — 

Superficial Moraines. 

Moraine profonde. Boulder Clay. 

Talus. 

B. Chemical. 

1. Calcareous, e.g., Stalactite. Travertineii 

2. Siliceous, e.g., Sinter. 

3. Rock Salt. 

4. Gypseous. 

C. Organic. 

1. Calcareous, e.g., Coral Reefs. Oaze. 

2. Carbonaceous, e.g., Peat. Lignite. Coal. 

3. Ferruginous, e.g.. Bog Ore. 

D. Hypogene. 

1. Metamorphic: — 

Quartzite, Hornstone. Porphyry. 

MicaSchiat, Slate. Dolomite. ^et^etvVm^. 

Gneiss, Granite, Antbxawcite. OTa.^\i\tfe, 
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2. loKEorai— 
a, Volcanii!. 

Felapathio Sariea, e.y. , TracIiyteB. a i, • 

Augitio Series, 6.3., Uulerite, Basalt l^^i 

'■ isr: 

Melapbyro. 

16. Classification. — TUeso gi-oupa caunot he regarded as 
i<Iiari>Iy defined : in each a tyiiical form uia,y be selected, but, 
except funong the lavas and perhaps a few gninit«s, we do 
not find perfectly simple representatives of the family char- 
acters. The difficulty of clHSsification will appear in the 
sequel; but the accompanying dLagram gives a general idea 
of the mutual relations of the groups. 

17. A. Hecha&ically Formed Socka. — 

1. Sedimentar;/. — The rocks fonueJ by deposit from water 
constitute tho gi-eat bulk of the strat^ed formations, and 
the two ingredients, silica and alumina, which form their 
greatest mass, chai'acteiise, according to their predominance, 

kthe sandy and tho clay aories, ai-enaceona and argillaceous, 
but they are seldom found pui-e. 
The finest arenaceous rocks, the purest sands, or tho 
ilnest grained sandstones, present quartz masses conmunuted 
*o the smnileat possible size. The series commenoca with 
breccia, or angular fragoienta which have been disengaged 
from rock faces, but Jiave not undergone any action by 
which their angular asperities might be removed. Water- 
I Tolling ia the most powerful agent in smoothing and polish- 
' 1 all directions, a pebble being, in popidar language, 
t rounded piece of quartz equally smooth at all points; 
■ tiut it is convenient to nae the word for any uniformly 
■rounded fragment. The longer the friction ia continned 
(,Uie smaller does the fragment become, so that t!io coaraa 
ihingle of the aea-sliore, wliich, when consolidated, yields 
L conglomerate, passes into gradually finer gravels — fine 
tand being the last temi in . tJio serios. The consolidar 
Sected in the case of sand by compression, by in- 
filtration of iran and lirae from the ati'ata above, or by 
> solution of calcarsons fragments, as of shells, which 
nay have been enclosed in it. Breccias and conglomerates 
3 cohcixuit rocks by intcrmlxtaiii "wiftv BawA, o.\\i fea 



pressing whicH effects consolidation may be guessed from the 
fact that the pebbles are sometimes indented at their points 
of mutual contact. Sandstones contain varying quantities — 
sometimes minute, at other times considerable — of clay, iron, 
calcareous, felspathic, and organic matters; and thus we 
have transitions to shales, ironstones, hypogene rocks, lime- 
stones, and coals. The debris brought into the sea by 
streams, or derived from the waste of shores, is sifted in the 
sea, and deposited according to its relative weight; gravel, 
sand, and mud form, generally speaking, successive zones of 
deposit parallel to the coast. Sandstones occur massive, with- 
out stratification planes, forming the liver rock of quarry- 
men, or divided into seams of various thickness separated 
from each other by layers of other mateiials. The value of 
sandstone as a building material, is in proportion to the 
closeness of its grain, the presence of stratification planes 
destroying the free working in all directions. 

Clay is the characteristic material of argillaceous rocks. 
The silt of a river is a heterogeneous substance, consisting 
of fine mud, sand, organic and chemical matters, which are 
gradually separated. The aluminous matter is always fine 
giuined, and the glacier detritus can only be said to present 
a greater tenuity of its materials, because the sand which it 
contains has been ground into an unusually fine powder. 
The only pure clays are those derived from the decay of 
felspathic rocks, the result — ^kaolin, porcelain clay, or meer- 
schaum — consisting of hydrated silicate of alumina, from 
which other ingredients have been washed out; and those 
clays on which a similar depuratory action has been exercised 
by vegetation. The fire-clay found along with coal seams is 
the representative of the white clay on which peat rests, and 
the principal imj)urity of both is a small quantity of car- 
bonaceous matter. Clay as a sti^tified deposit forms shale, 
which is usually extremely fissile; but this fine lamina- 
tion must not bo confounded with the division planes of 
slate, which form a structure superinduced uj)on and not 
necessarily coinciding with the planes of original stratifica- 
tion. As an increasing quantity of sand would lead into 
sandstone, so an increase in the carbonaceous oy ca\c^\:^o\\^ 
t^mixture would give the ti'ansitioii from clay to co^ o^ 
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A small quantity of lime givea the fertile maris, 
and of BBud gives to loani its pervious ohaiactei'. The con- 
eolidation of this last variety yields the mudstoaes of the 
older formations, which are less fissile and tougher than the 
piu-er shales. Lastly, the addition of volcanic ashea to shales 
le of formation gives a nearer or more distant ajiproach 
to volcanic rock in proportion to the quantity introduced. 

2. jEoUan rocks are the blown sands of the desert and tlie 
Bea shore. They are sometimes, especially tho latter, regu- 
larly stratified, and shells, blown up from the beach, ai-e 
often found in tlie laniinte. This kind of formation is only 
recognisable in the present, its incoherence and the circum- 
Btauces of its accumulation preventing its preservation in the 
form in which it was first laid down. 

3. Tho term Suhaerial is intended to apply to those 
materials which are derived from atmospheric waste, birt 
have not been reassorted in water. The talus found at the 
foot of every clifi', consists of debris which may be washed 
down in part by rain, but the quantity of water is not suffi- 
cient to give it a stratified character. The coarser materiala 
are found at the bottom of the slope, which has the fan- 
shape ctaractemtic of all Bodlment allowed to spread with^ 
out restraint fi-om a single point. The glacier debris will 
be referred to in a subsequent chapter. Meanwhile, it may 
be mentioned, that though the Moraine profonde may have 
more or less of an alluvial aspect, an imperfect stratification 
being discernible in it, the I'earrangeraeat of ita materials 
has not the regidarity even of river deposits, and in tie oaso 
of the boulder clay or till, the distinction ia well known 
between the pell-mell aspect of the great mass, and the 
regular stratification of those parts which have been laid 
down ia tho sea, or upon which the sea has come to act. 

18. B. Chemically Fonned RockB.— The limits of this 
group are very indefinite, but well marked types of rock may 
be found which, though deposited in water or by water, have 
their final form veiy unlike that of tine sedimentary rocks. 

1. Calcareous deposits take place in caves, ami, on a small 

icale, in cellars and under bridges, where water drops down 

cairying an exc«S3 of carbonate of lime. The water whicb 

. £i11b on the ground evaporatea or nms ofi) leaving a calcareous 
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deposit whicb may come to form very thick layers of stalag- 
mite. The falling drop also parts "with its lime, which 
gradually forms a dependent rod like an icicle; and the stalac- 
tite and stalagmite may meet, finally filling np the cavern 
with a spongy mass of variously coloured carbonate of lime, 
in which crystallization may afterwards take place without 
destroying the lamination. Travertine is a porous limestone 
deposited by precipitation from the waters of calcareous 
springs and streams. It forms masses which, as at San 
Filippo, may be 250 feet thick; and a thickness of one foot 
has been laid down in about four months. If fragments of 
foreign matter are enclosed in it, the lime may arrange 
itself round these in concentric masses giving a spheroidal 
texture. 

2. The Siliceous sinters found around thermal springs, are 
precisely similar to the calcareous travertines. The silex is 
deposited on the cooling of the warm water charged with 
soda, which kept it in solution at a high temperature. 

3 and 4. Rock salt is found in lenticular masses, 60 or 
even 90 feet thick in England. In France the layers are 
each of them thinner, but at Vic 180 feet of salt are found 
in 650 feet of strata. Rock salt (sodium chloride) and 
gypsum (anhydrite, and hydrated calcium sulphate) are 
usually found in association; they occur in various fonna- 
tions, but their remarkable development in the triassic strata, 
and others whose tints are red, yellow, or green, according 
to the iron salt they contain, furnishes an important evidence 
in favour of Professor Ramsay's theory, that these formations 
were deposited in inland seas. Rock salt is also found in 
considerable quantity satiu^atiug the soil of inland plains, or 
deposited round the shores of land-locked basins. 

19. C. Rocks of Organic Origin. — The segi-egation of 
various substances by plants and animals is doubtless a 
chemical process; but being determined by the living tissues 
of organised bodies, and yielding rock masses of very difierent 
forms and relations from those of the last group, it is at least 
convenient to keep them apart. 

1. Calcareous, — ^The corat reefs of tropical and sub-tropical 
seas, and the isolated corals of other oceans, offer the largest 
ratio of Qh^mical substance^ to }iying tissues that ve Joiow 
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of in nature. Tte enonaons tliieknf s3 of some reefs mates 
them very important membei's of the stratified seriea, while 
their disintegration forma sedimentary deposits 'whose ulti- 
mate organic origin is obscured. Their interest is increased by 
the fact that thoy contain carbonute of magnesia along with 
carbonate of linio, and thus iJieae two minerals are found in 
conjunction, which, as in the permian eti-ata, are believed to 
represent metamorphism. The orize which covers the floor of 
the Atlantic and otlter oceans^ oouaiata of about 85 per cent, 
of calcareous matter, derived from the testa of Globigerinie 
(Huxley); 10 per cent, of fiiliciouB matter of inorganic 
origin, or obtained fram diatoma and other lowly organisms, 
wiUt silicioua coveriaga; while the remainder consists of 
the debiia of mollnacs, Crustacea, and other marine animals 
which are enclosed in calcareous ahella. Tliis line aoft sedi- 
ment haidena on exposure, and both in composition and 
structure is well nigh identical with the earthy limestone 
forming the white chalk. Mr. D. Forbes finds that white 
chalk contains S4 to 98 per cent, of carbonate of lime, oaze 
not more than GO per cent He thence concludes that oaze 
■would yield a caJcai-eous ahale. The proportion of lime 
probably depends on depth; the generalisation may there- 
fore in the meantime be accepted as ia the main correct. 
Lacustrine limestones or marls are formed in many small 
basins, anil are found on a large scale in Lake Superior. The 
varieties of limestone are considerable. The white chalt has 
ahisady been mentioned; it is earthy in England, moi-e 
compact in France. The limestones of the carboniferous 
period are seldom quite pure, giving transitions into sand- 
stone and shale. Eich as they are in fossils, the quantity of 
lime is greater than the fossils preserved will explain; and it 
is probable that the great mass consists of debris of organisms 
similar to those which have come down, while it is not 
unlikely that the deep seas of ancient periods contained oaze 
similar to that of moi-e recent times. Bitumiuous and fetid 
limestones owe their characters to the presence of organio 
matter. Limestones may be earthy, compact, or ciystalline, 
according to their pmity and the conditions to which they 
have been subjected ainca their formation. The oolitic and 
""pisolitio Btructures are, like the spheroidal condition of traver- 
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tine, due to the presence of small foreign bodies; but the 
isolation of the spherules has been effected by the rolling of 
the first concretions to and fro, so that they come to cohsist 
of concentric layers. Siliceous infiltrations may give great 
hardness, while decomposition yields rottenstone. Conglo- 
meratic or brecciated limestones are found under circum- 
stances suggestive of the waste of islands in their vicinity 
during deposition. The Broken beds of Portland have been 
accounted for by supposing the deposit of lime on a mass of 
vegetation, whose decay and collapse fractured the layer, 
while continued deposit of lime recemented the whole. 

2. The ca/rbonaceoics group is the most important econo- 
mically. The following table, given by Dr. Percy, illustrates 
the composition of various members of the coal group, the 
?arbon being taken as 100. The last column shows the 
excess of hydrogen above that required to make water : — 

Carbon. Oxygen. Hydrogen. ^^^^^^ 

Wood, : 100 8307 1218 1*80 

Peat,.... 
Lignite, 



10 Yard coal, Stafford, 

Steam coal, Tyne, 

Pentref elin coal, S. Wales, . . 
Anthracite, Pennsylvania,... 



55-67 9-85 239 

42-42 8-37 3 07 

21-23 612 3-47 

18-32 5-91 3-62 

5-28 4-75 409 

1-74 2-84 2-63 



This table shows the decrease of the other ingredients in 
proportion to carbon, anthracite being the extreme form of 
the metamorphism of coal, in which the volatile matters have 
been largely expelled. 

In the conversion of wood into coal, part of the hydrogen 
is eliminated with carbon, as marsh gas (CH^), a part unites 
with oxygen to form water, and part of the remaining 
oxygen unites with the carbon to form carbonic acid (CgO^). 

Coal is formed from the decay of vegetable matter, and 
the process may go on where the vegetation grew, or the 
finer debris may be washed down into pools, settling down 
there to form the fine grained compact cannel or gas coal. 
The ordinary bituminous coals, as they are called (though 
they contain no bitumen, no substance, that is to say, which 
is soluble in ether or benzole), have, for the most part, an 
imperfect cuboidal structure, the planes by which the mass 
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is divided being Teitical to those of stratification. Tliese 
joints result from the pi-esaiire to wHch. tlie once Eoft maaa 
has been Bubjected, the bulk of the original vega- 
table matter having been, it ia calculated, eight or 
twelve times that of the coal. The sejima usually 
■ rest on fire-clay, the Boil on which the vegetation 
B J flourished, while upwai'ds they may pass into car- 
^ I bonoceous shales. But the coal itself is remark- 
I §' able for its freedom from sedimentaiy materials, a 
c, condition only compatible with its formation be- 
8. yond the reach of sea or rivere. The occasional 
intersection of coal fields by bands of grave!, tho 
ordinary debris of a river channel, confirms the 
view that the coal swamps wei-e analogous to those 
of a delta like that of the Mississippi, the plants 
decaying on the islands between the streams, being 
protected from incursions of alluvium by the thick 
undergrowth all round. The subaqueous deposit of 
cannel coal is iijndered more pixibable by the 
horizontal passage of cannel into blackband iron- 
stone, with which are associated the remains of 
amphibians, so that the series probably was as ia 
the adjoining table. 

The oil shales mentioned in the last line of this 
diagram, ai* now an impoitant article in Bcottiah 
manufactures. They are oidinaiy shales, saturated 
with animal matter derived from tho decay of 
minute entomostracan crustaceans and of vegetable 

1^1 matter, the former being the characteristic inhabit- 

|| ants of brackiah and stagnant fresh watea-s, 

^* 3. Ferruginous deposits, whose position is deter- 

mined by organic bodies, ai* illustrated by the bog 
g |. iron ore, which forms deposits sometimes of toler- 

E.i able size in peat swamps, concentrated on partiou- 

t,| lar spots by the partially decaying plants. The 

l-S aegi-egation of the iron in cai'bonifei'ous times was 

a determined likewise by the vegetation. 
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primitive condition is for the most part recognisable. But 
except those which are now forming at the surface, none 
are absolutely in their primitive state. Consolidation by 
the pressure of a superjacent stratum, has effected a certain 
change, and as pressure increases, layer being added to layer, 
infiltrations of fluid also take place, carrying downwards, in 
solution, substances contained in higher strata. Thus both 
chemical and textural changes occur in propoition to the 
age of the deposit, without, however, the characters of the 
rock being obscured. But other changes take place beneath 
the surface, metamorphism altering both the chemical and 
physical composition of the masses, without, at least, in 
general, destroying their relations, while igneous fusion 
reduces the whole to a uniform condition both of texture 
and composition. These changes go on at different depths 
beneath the surface. Hypogene or subterranean is therefore 
the miost convenient common designation for both kinds. 

20. D. Hypogene: — 

1. Metamorphic. — ^The consolidation of an ordinary sand- 
stone stUl leaves the rounded form of its ultimate gi-ains 
recognisable; but in quartzite, or sandstone which approaches 
more or less towards the condition of homogeneous quartz, 
the granules become adherent or confluent, their partial solu- 
tion having been effected by warm alkaline waters. Horn- 
stone and lydianstone are extreme cases of this change in 
siliceous strata containing a considerable quantity of clay. 

Mica schist, chlorite schist, and the like, are sedimentary 
rocks, some of whose ingredients have been separated out 
and arranged in planes parallel to those of original stratifica- 
tion. This rearrangement is known as foliation, and it 
reaches its highest development in gneiss in which quartz, 
felspar, and mica are disposed in alternate layers. But these 
are not extensive, the short fusiform masses showing gene- 
ral parallelism only when looked at from a little distance. 
The same ingredients are united in granite without the 
slightest approach to order. Though some granites may be 
of igneous origin, just as some rocks lithologically identical 
with trap are of metamorphic origin, the gi'eater f)art of the 
granites are the representatives of sedimentary strata altered 
in place. The gi^anitic axis often spoken of in the ccse of 
23 Q 
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mountains is tlio central, perliaps the deepest part of tta 
moss, but it3 presence ia no pi-oof of ita antiquity, aiuoa 
granite may be of any age, from the laurentian down to 
the tertiary gi-anite of the Alps. In ayenite, homblencle ia 
associated with the ingredienta; hyperstheue and diallage, 
members of the gi'onp of augitic ininerala, may be present 
ia Buch quantity as to confer their nam^ on the rock in 
which, they are founcl. 

In the foregoing roclta the chemical giwiping of their 
ingredienta has undergone entire change, the altei-ation of 
teJtture being a necessary consequence. But in the tme 
sla^ the mctamorphiym conaista in a, primaiy change of 
structure, the chemical altei-ations being comparatively alight. 
Slftty cleavage is due to pressure, and consists in the re- 
adjustment of the particles relatively to each other, so that 
they split in one direction, which may or may not coincide 
with the stratiiication planes. The cleavage planes are 
straight, parallel to each other, and traverse the strata irre- 
spective of their curves. 

Tlie trap i-ocks of conspicuously igneous origin are simu- 
lated by certain masses of eminently felspatliic character, 
which, however, represent fine grained as well as conglome- 
ratic eediracntary rocks, whose place they occupy, aome- 
timos altei-nating with the unaltered strata. These rooks 
in South Ayrshire are described by Mr, James GeiHe, 
QuaH. Jour. Geol. Soc, xxii. 

The calcareous i-ocks are represented by crystalline lime- 
stone, such as may be produced ai-tificially by heating chalk 
under gi-eat presaure, the carbonic acid being prevented &om 
escaping; by dolomite, in which carbonate of niagneaia haa 
either replaced carbonate of lime by infiltration ft-om with- 
out, or the mineral already present in the rock haa been 
gathered along pai-ticular lines or at particular points; and 
by serpentine, which is tbo extreme modification of a mag- 
nesian lunestone, the carbonates being rei)laoed by silicates. 
Serpentine may also result from the metamorjjhiam of eomo 
kinds of ti'ap rock. 

2, Tgnaoiia Hocks. — No real difierenoo can be established 
between the most ancient and modern volcanic rocks, except 
such as are conncqucut on the modifying power of external 
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conditions, or are connected with the absence of any con- 
spicuous orifice of outflow. All the members of this seiies 
may be divided, according to their composition, into two 
groups, in one of which siliceous miner»ils prevail, in the 
other the alkaline bases enter more largely. The trachytes 
contain 66 per cent, of silica, and 17 per cent, of alumina, on 
an average; the dolerites, or basic rocks, contain 51 per 
cent, of the former, and 14 per cent, of the latter, with 10 
per cent, of lime and 14 per cent, of iron and manganoso. 
The composition of the older rocks, the felstonos and nuJa- 
phyres, which are grouped as traps, is essentially the same, 
the incoherent materials of the crater of outflow having been 
removed and having left no trace of its position, but both 
of the older types have undei^one more or less change by 
pressure and infiltration. The solid rocks have their counter- 
part in the fragmental series of coarse and fine ashes, which 
are siliceous or basic according to the character of the lava 
with which they are associated. 

Porphyry is a volcanic rock, in which some of the ingicdi- 
ents have crystallized so as to be prominent in the midst of 
the matrix. Vesicular structure is due to the presence of 
enclosed gases in the molten mass, and when these cavities 
have become filled with solid matters, deposited from infil- 
trated water, the rock becomes amygdaloidal, the vesicular 
condition being restored if the contents are removed by 
subsequent percolation. 

Such are the principal kinds of rock which enter into the 
composition of the earth's cnist, so far at least as the 
geogi'apher requii'es to consider them. 



SECTION IV. 

Formation of Sedimentary Strata — Disturbances of Sedimentary 
Strata : Outcrop — Dip — Curves — Faults — Contemporaneous and 
Intrusive Igneous Eocks — Preservation of Fossils. 

21. Formation of Sedimentry Strata. — The sequence of 

phenomena which terminates in the production of stratified 
rocks is as follows: Water descending from tlio atmo«^\vfe\^ 
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loosens and removes the particles making up rock masses, 
and' it muat bo rememliered that the t«mi rock is, in geology, 
used for any accumulation of mineral matter, whatever be 
its density. The particles thus removed are earned by tie 
Btream downwards to their resting place on the floor of the 
ocean. But they do not travel directly to the sea; they are 
delayed from time to time by being thrown out of the stream 
fts alluvium, or deposited iu lake bottoms; in either case, 
however, their stay ia temporary, since, after a time, they 
I disintegrated and oairied further down. Every 
particle in its progress helps the wasting operation, and ■we 
have a mechanical abrading power exercised by the river in 
proportion to the quantity and the bulk of the mineral sedi- 
ments it caiTies forward. But the water contains, besides 
the mechanically suspended matters, chemically dissolved 
minerals, and thus the solid matter in the stream may greatly 
exceed the apparent contents. These dissolved substances 
may either enter into fresh combinations, giving rise to 
chemical deposits in favourable circumstancea, or fiiey may 
reach the sea, and there assist in the formation of the solid 
parts of marine plants and animals, and thus, in the end, 
contribute to tlie fonoation of rock. The rain, as it descends 
through the atmosphere, takes up various gaaes on its wayj 
chief amongst these is cai'bonic acid gas, which becomes, 
■when precipitated on the earth, a powerful solvent of cal- 
careous matters. Absolutely pure water can do little in the 
way of disintegration, if its action is not facilitated by 
gravitation or by chemical change. The disiutegi-ating influ- 
ence of the rain is modified by the quality of the surface oa 
which it falls, being slowest upon baa* hard rock, into which 
calcareous matters do not enter; and most rapid upon soft 
loose soils not protected by vegetation. Two extreme cases, 
illustrative of this influence, may be rofen'ed to; the one is 
the rainfall on the Khasia Hills, in Bengal, which amounts 
. to 30 inches daily; it washes away the soil from the hill sides, 
i and prevents any vegetation gaining a footing; the other case 
Mja that given by Lyell, who relates how deep ravines were 
Tflxcavated in Georgia, U.S., afW the cutting down of the 
Toreat which had previously protected the soil from the rain- 
_ fell. As rivers occupy a larger proportional urea of the high 
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grounds than do the conjoined streams in the low grounds, 
where the waters are confined in narrow but deep channels, 
granular disintegi-ation effected by the atmosphere is greatest 
in the high grounds. By atmospheric denudation is meant 
all the waste that is wrought by means of the moisture con- 
tained in the atmosphere. The form of water varies; the 
small fine rain does more than the soaking mist in the way 
of removal; the rapid torrent, hurrying forward numerous 
pebbles, is efficient both in disintegration and in transport; 
but in temperate regions the expansive power of frost is 
one of the most efficient agents in breaking up and remov- 
ing even the hardest rocks, while, in some tropical and sub- 
tropical regions, the heat of the sun plays a very important 
part. The large glaxjier, formed by compression of the snow 
into a stream of solid ice, at once disintegrates the surface of 
its channel, and removes the rubbish; and the features of the 
country over which ice has travelled, either in the valley 
streams, known as glaciers, or in the shape of a great sheet 
of land ice, are characteristic and easily recognised in every 
region. 

The action of the atmosphere, as a denuding agent, is ver- 
tical, that is to say, it tends to lower the vertical elevation 
of the earth by the removal of particles from its surface. 
The next denuding agent, in point of importance, is the 
sea, and its action is horizontal, so that, li land were sta- 
tionary for a sufficiently long period of time, it would, by 
the joint action of the two, be reduced to a level at the 
surface of the sea. It is believed that the denuding power 
of the sea is greatly inferior to that of the atmosphere, and 
that, while the latter produces the great features of land 
surfaces, the former is continually striving to efface them, 
the materials of waste, whether derived from the land by 
streams or from the shore line, being deposited in the sea 
bottom in masses which are approximately horizontal. 
Natural gravity effects a certain kind of arrangement, the 
heaviest blocks being those which settle fii-st. The succession 
of marine deposits, theoretically stated as gravel next the 
land, sand farther out, and mud farthest out of all, is in 
general terms correct; but a serious difficulty is •pTesent^d \y3 
the fiact ihat^ on many coasts, and especially at tix^Taoxi^Xi^ cS. 
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^^togo rivei-3, finer gi-ained mud is fonntl cloae up to tho cofiS^^ 
liue. An ingenious obaei-vation of Mr, David Robertson 
explains tlie difficulty: he finds that the eddition of a small 
quantity of salt water to fi«s!i WHter which contains a lai'go 
quantity of excessively fine eediment, causes the precipitatioa 
of the Bediment to take place in a, Teiy much shorter time 
than if it were left to itself; hence the throwing down of 
mud at the mouths of large rivers is the consequence of an 
alteration in the density of the water, and the rule as to the 
gradation of deposits, as above stated, is only absolute for the 
pui'ely fresh water accumulations of lakes. 

The materials found upon the floor of the ocean, passing 
from the ordinary coast line seawards, aro coarse sedi- 
ments, finer sand, and mud — the mud, as a gener^ rule, 
being found in deep water; but in the very deepest pnrta of 
tiie ocean, as in the Atlantic, the sediment consists almost 
exclusively of the calcareous oaze derived from the disinte- 
gration of the shells of marine animals. Following up the 
indications thna suggested, Mr. Hull ht^ pointed out that 
the sedimentary mechanically-formed strata, consisting of 
gravels, sands, and clay, are inverse in their quantity to 
the calcareous. 

»aiorft Bei loTd,^^ 
"- ... ^ 

Thus the cavhonifei'oua strata of Scotland contain a lai^^" 
quantity of sedimentary beds alternating with the limestone, 
whereas the calcareous rocks of Middle England are free from 
Bedimentary admixture, and of veiy much gi-eater vertical 
thickness, the inference being that deep water prevailed 
thei-e, 'wliile a shallower sea had its shore in the north of 
Scotland. The carboniferous strata of the Appalachians are 
chiefly sedimentaiy, the limestones of the Mississippi basin 
indicating that a deep ocean lay towards the west, while the 
land was eastward where the Atlantic now is. The chalk, 

Khioh finds its nearrat living repi-esentativo in the Atlantic 
|ee, contains many fossils which were evidently pelagic, 
te inhabitants of a deep open ocean; wliile towards the 
mh ef PiYinco the formation haa a larger adBiix.tu.re of 
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Bedimentary materials, and the fossils are chiefly of types 
common in shallower waters. 

22. Disturbances of Sedimentary Strata.— Sedimentary 
strata, then, consist of masses of mateiial, deposited mechani- 
cally under the influence of gravitation, and they are divisible 
into layers of greater or less thickness, in consequence of the 
intervals which fi:«quently suspend the process. For sedi- 
ments are not brought continuously and in equal quantities 
from the land; they vary with the seasons, and it may happen 
that by a change in the interior of a country, the amount of 
waste may either be very much diminished permanently, or 
very much altered in quality; thus the conversion of a well- 
watered district into a rainless region would at once cut ofl 
a large part of the sediment thus derived, while, conversely, 
the subjection of a district to a larger amount of atmospheric 
waste, whether by a change of climate or by the cutting 
down of timber, as in the Georgian case already referred to, 
would gradually increase the sediment thence obtained, and 
might introduce materials of very different character from 
those previously brought down. Hence it is not to bo 
expected that, under ordinary circumstances, a mechanical 
deposit in the ocean should attain any very great thickness; 
we should expect to find that different materials were from 
time to time brought down, giving to it vertical alternations 
of materials. It must be borne in mind that the thickest 
uninterrupted deposits of one kind of material, those, namely, 
which characterise the old red sandstone, were, as will be 
shown in a future chapter, probably formed in enclosed basins 
or inl^d lakes, and during slow subsidence. 

Neither is it to be expected that the same deposit will 
have an indefinite horizontal extension. As the coast line 
manifests the same variety, both in texture and chemical 
composition, as the interior, it is obvious that denudation 
yields unlike materials at different points. This horizontal 
variation, dependent in part upon the greater amount of 
debris brought dov/n from one district than from another, 
is influenced likewise by the transporting power of marine 
currents. These have the effect of delaying the settlement 
of the lighter materials, and of carefully sifting out the 
detritus ^bn£^ the shore, 6o that the first roug\x cVv\s»^\&.^^\Aa^ 
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by gravitation is revised and made mote exact, wliila, at the 
^iniB time, the materials are Bpvead ovei' a large area. 

To the variation from time to time of tlie materiala, a.ad 
to the disperaiva power of currents, miiat be added a third 
influence, namely, that of movements of elevation and sub- 
sidence. The most favourable conditions for extensive ver- 
tical acaumulation of sediments are during subsidence, the 
least favom'able during elevation; but dui-ing subsidence the 
distance of the sitore line from the deepest water is gradually 
increasing, and consequently the limita of particidor kinds of 
materials ai'e altering. 



In this diagram, Coast 1 represents the position of the 
margin of a country which is undergoing submergence ; 
Coaat 2 represents the diataoee which the shoi-e line lias re- 
treated in consequence of the depression. In general terms 
we should expect the various deposits to shift their limits 
shorewards, in the manner suggested by the supei-poaition of 
the words in the diagram, and thus, while the deposit of 
mud goes on, actually without interruption, a vertical section 
■would show that, apparently, it had been interrupted, since 
■we find a layer of oaze above it. If, on the other hand, 
elevation took place, we should find the gravel gradiially 
shifting farther and farther out as the coast line gradually 
encroached upon what had formerly been deep water, and 
thus we should lm,ve an apparent interruption, as registered 
in the vertical succession, whereas, in ti-uth, the process of 
deposit of one material had gone on continuously. The 
difficulty, therefore, of interpreting the events of former 
periods in the history of the earth ia increased to us by tie 
manner in which the evidence is presented. Sir Henry de 
la Beche fii-at pointed out that the two extreme points of any 
one bed were not contemporaneous; that, in fact, to return to 
the diagram above, part of the gravel, of the sand, of the 
mud, of the oaze, were laid down at the same time, and that 
thus our lines of contemporaneous deposit, in the strictest 
sense of the term, would not coincide with the plains of 
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.tification; tlie accompanying diagram wOl make tbia 
intelligible. , 
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Ha letters G., S., M., correapond to gfavel, eand, mud, aad 
the figures represent the mode in vhich these mateHak are 
laid down upon the floor of a large lake. It is obvious 
that, as the lake gradually becomes filled up, the gravel 
occupying a larger cubic space though a less Lorizontal area 
than the sand (as the sand does than the mud), the gravel wiil 
gradually creep out towards the centre of the lake, and thus 
come to repose upon the successive layers of sand which have 
crept out along with it "While therefore when the lake has 
been filled up, the gravel occupies one layer, the sand another, 
and the mud a third, and while the gravel, sand, and mud 
layers appear to be each later than the other, the latrat or 
youngest being uppermost, the real order of chronology is 
represented by the oblique lines, G., S., M., and the contem- 
porary in point of time of M. in the sixth column is G, ia 
the third. The broad statement, therefore, that the youngest 
" ita lie npon the older, can only be taken as con-ect for their 
leral mass, and not as absolute for the individual parts. 
23. Outcrop. — The table of formations given above (Art. 
1), represents the order cf succession in which the foasili- 
(erous strata are found. It is formed by comparing tlie struc- 
ture of difierent regions together, and generalising the residts. 
But it must be remembered tbat in no country do we find 
the succession so complete as is here suggested, and this table 
does not, therefore, convey an actual picture of what is found 
in nature. It is, perhaps, impossible to avoid such a general 
Btatement, but it ia very necessary to keep carefully in mind 
" fact, IJiat the relations of these different formations may 
be truly represented in all cases. The table, as it now 
represents the opinions of a time when it was thought 
, these formations were maiine sediments, and when 
existence of contemporaneous dry land was disregarded. 
~ ' hia /"/i^sical Geoip'aphy of GrwiXl^riijo!m,-i 
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has remodelled the fcible, and has iiiti-otluced into it the 
characteriatio conditions of each fornwlaon; thus, the Cam- 
brian, possibly the old red sandstone, the permian, and the 
triassic Btnita are, as will bo afterwards more fidly explained, 
probably the records of lacustrine or mcditeiranean conditions ; 
and, as these conditions are only possible during a continental 
elevation, it follows that, for a large part of the palieozoio 
period, in this country at least, land took the place of water, 
and that the equivalents in point of time — the strict eontem- 
poraries of these red strata— -are tbe marine deposits of some 
otter locality. Professor Huxlejf urges the employmont of 
the word homotaxis to indicate the relations of the sucoossiva 
strata at dilTerent paints of the earth's surface, and the term 
is intended to suggest that the sucoesaive strata occupy the 
same relative position to each other wherever they may ba 
found; but that those formations to which we give the same 
name in distant localities are not, therefore, necessarily of 
precdaely the same age; to compare, for example, the section 
of the North of Scotland, and thai of South America, as 
given by Jlr. D. Forbes ; — ^^^_ 



Scotland. 


Sovth Ama-ka. 


OoKtic. 

Lower Siluriau. 
Cambrian. 


Oolitic. 

Permian, or Triossio, 

CarljoniftiroiD. 

Devonian. 


These two sections do not consist of the same foi 



nor ia it probable that the particular atrato to which the saane 
name is applied belong to precisely the same period of time. 
In the first place, the devonian beds are mai'ine, the old red 
sandstone of Scotland being, on the other hand, a lacustrine 

I deposit ; the carboniferous strata were also maa'ine, their 
iStssils being, somo of them, identical, others only similar to 
'ithose found in this country; volcanic outbursts of consider- 
■ eble importance occurred between the carboniferous and the 
■ oohtio period, and the permian or triassic strata have nnder- 
gons considerable distm'bance. The common facts as regards 
'-these two countries are : that we have in both the history of 
S^uent oscillations, terminating in a continental condition 
■^ this perjuiua or trifissic mass, and that, thereafter, depres- 
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81011 again took place beneath the water of the oolitic sea. 
The general resemblance of the fossils is a clue to the general 
succession of the deposits, and the difierences are similar in 
kind to the differences which exist at the preiicnt time 
between the types of animal life at different paits of the 
world. If it is not possible to admit of the nnivei^sal distri- 
bution of the same species of fossils over the whole surface of 
the eartih, such distribution being unsupported by analogy, 
we can only account for their occurrence at distant parts of 
the earth by their migration. Migration necessarily implies 
difference in date, and hence the very fact of the resemblance 
of fossils at distant localities suggests alterations in the 
physical geography of the period. It is not difficult for us 
to guess the successive slow changes, whereby the geography 
of one period assumed the characters of the next succeeding 
time, but we c%n only approximately conjecture the kind or 
direction of the changes. If we could determine them in all 
cases with precision, we should be enabled to picture the 
successive phases in the physical history of the earth, and the 
history of its life would, thereafter, be easy. In support 
of this view, Barrande's investigations into the fossils of 
Bohemia furnish valuable evidence; from his researches it 
appears that, at successive stages in the silurian strata, 
fossils occur in groups which had been extinguished in that 
area at an earlier period. This recurrence of groups of 
fossils would have been impossible, without at least the 
assiunption of a large number of unwarrantable hypotheses, 
if we believe that when they disappeared from the Bohemian 
strata, they had been absolutely extinguished. Their re- 
currence, therefore, is clear proof that, in the interval, they 
had only travelled into adjacent areas, returning thence 
when the conditions again became favourable. 
• The most important points which it is necessary for the 
student of physical geography to bear in mind are : (1) That 
the surface of the earth, as it at present exists, presents an 
inequality and irregularity of distribution of land and water, 
and there is every reason to believe that this kind of 
inequality has existied from the most remote past; (2) that, 
whether by movements of elevation or depression, or by the 
ftction oi denuding agents, the contoiirs oi ttxQ tocui «vM;:tia.QQ 
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^^Lei'e becoming modified, and the w&st« materluls tire traTelling 

^^C.seavard, there to be deposited in strati&od layers, 'which, at 

^^Kfiome future period shall be elevated into the condition of 

^^Pdry land, and again undergo a course of diaintegration j (3) 

^^ that the materials of which these strata are composed vary 

horizontally and vertically, the variations being consequent 

upon the difference of the physical and chemical structure of 

a country, on the difference of movement of the earth's cruet, 

and of ocean currents; (1) that in the past, as at the 

present time, there Tvere differences in the rate and amount 

of deposit at various points, and hence the thickness of an 

accumulation over one area may differ very importantly from 

that at another; (5) that the time occupied by the deposit 

of these layers of different thickness may or may not have 

been the same ; (6) that the strata of different localities 

tare clnssiiied according to the fossils which they contain, the 
tables showing that the types of fossils follovf each other 
in every region in the same general order, and that species, 
evcB though not identical but merely simiiar, nevertbe- 
less present a parallel order of succession, even in distant 
localities. 

24. Dip. — Sedimentary strata are deposited on surfaces 
which are, for the most part, nearly level; their inclination 
is, therefore, at first slight, hut they are usually found to 
incline to the horizon at on angle which may be a right 
angle, and in some rare cases may pass oyer so that the in- 
clination becomes reversed, and the originally lower surface 
may form the upper surface in the new position. The 
inclination of the beds to the horizon is the dip, and the 
direction of the edge of the bed when it cuts the ground is 
the strike; dip and stiike are, therefore, at right angl^ to 
rach other; they coincide when the bed is quite horizontal, 
and the dip disappears when it is perpendicular. The edges 
of strata are truncated, the face they presopt lueing more or 
less abrupt; for the eS'ecta of denudation depend on the speed 
of the process, and the texture of the sti-ata. The amount of 
materials that has been removed may often be guessed by 
help of the dip, the planes of which, when proilnced, give some 
^^1 idea of the foimer extension of the stiuta. Thus the Strath- 
^^Uiilane valley gives the following section. 
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8oath Hill of Camrsldt / Campde Hill. 

Stratified Trap. 



Sandstone. 




DnUagan B«ds. 



Sandstone and CoDglomerate. ^ 

Stratified Trap. Handf Qravel, Alluvium. *j/ U. Old Eed Sandston* 



These beds of tlie Campsie Hills would, if produced, lie 
aboTe the South Hill, but their true position is below that 
hill, the fault having disturbed their relative positions. The 
valley itself, however, is excavated out of the sandstones and 
traps, which have gradually been worn back on either side, 
their edges of outcrop becoming more and more sloping. The 
transverse section of the Tay valley is that of a broad trough, 
which IS partly filled with upper old red sandstone beds, 
while floor and sides are of lower old red sandstone and 
trap rocks, which the river, in remote times, had denuded 
prior to the deposit of the upper old red. 



N. Sidlaw Hills. 




Ocbilla. 8. 




..••••■■ 

Upper Old Red. 





If the lines of the strata on either side wore produced as 
shown in the dotted lines, it would become apparent that 
a conical mass had been denuded away, the quantity then 
removed being capable of calculation from the known 
thickness of the beds on either side. The horizontal strata 
in the middle rest on the denuded edges of beds which had 
been bent into an anticlinal arch. The valley of the Tay is, 
therefore, a geographical valley, but a geological hill, and 
the upper is violenty unconformable on the lower old red. 

25. Curvature. — Elevation and depression of limited tracts 
of country, accomplished with more or less violence and 
suddenness, give the simplest form of disturbance by which 
sedimentary strata are removed from their original horizon- 
tality ; for the limited elevation gives a dome or a ridge, from 
the centre of which the beds dip away. If the dome become^ 
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^H denuded l>/ sea and atmospliere, and thereafter ia auLmerged 

^^m BO aa to be covered with marine strata again, uncouformitj ia 

^^B the relation between the older and newer deposite. This 

^^K relation is shown in the diagram given above, and in those ia 

^^P Art. 11, and it indicates that a period of time of nnknown 

length has intei-vened between the dates of the two deposits. 

The occnn-ence of such nnconformitiea between formations 

showa that there haa been a great change in the physical 

geogi-aphy of the district, and that this change has bwn great 

enough, and the time long enough, to allow the plants and 

animals of the earlier period to remove, and either to return 

modified in form during their migrations, or to be replaced 

by a new set of organisms coming in from some other locality. 

ITie ewvatures are usually, however, more complicated than 

in the case first supposed. Several adjacent elevations form 

a succession of anticlines with intervening troughs or ayn- 

■ clines, and in rare cases, as the Appalachians and the Jura, 
tiiese features correspond to the features of the ground, in 
place of being reversed, as in the case of the Tay valley. The 
tonount of folding to which the strata have been subjected 
varies miich; a few broad undulations, for example, form 
the Thames valley and the Solent, the intervening ridge 
having been denuded into a valley, the Weald like the Tay 
occupying the site of a geological hill. In the sUurian 
districts, on the other h and, the strata ace thrown into many 
narroiv curves, and in these subordinate crumplings abound, 
26. Paulta. — Tte curvature of tho rocks in a district is 

■ BBually in the inverse ratio of the fractures which the strata 
have sustained. Fractiires are of two kinds, both ti'aceable, 
however, to the same cause. All rocks, at least ali of any 
density, are travej-sed by joints, are intersected by division 
plunes, which, when well developed, cut up the i-ock between 
the planes of stratification into cubes. These joints feeilitate 
the work of the quarryman and miner, tho "face" of the coal 
making the process of extraction also more economical than 
it would otherwise be. This kind of Btructure ia due to 
pressure, and is essentially the same as the cleavage of slato 
nlready referred to. The fi-acture with displacement consti- 
^^ tutes a fault, such aa is illuati-ated in the section of the 
^^L Strathblane valley. The rocks have been broken, and one 
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side lias slipped past the other, so that corresponding poi*tions 
come to lie at very different levels — ^the trap in that parti- 
cular case forming the top of one hill, and occurring far down 
in the opposite hill. The amount of displacement, what is 
called the throw of the fault, varies from inches to thousands 
of feet, and the distance to which they may be traced is 
equally varied. But in tracing a fault line for enormous 
distances, as in tracing a volcanic chain or an earthquake 
movement, it does not necessarily follow that only one move- 
ment has determined the whole : the probability that there 
were several increases with the length of the fault, and more 
than one parallel fracture line may become united. The 
inverse relations of faults and contortions of the strata have 
been ingeniously explained by Mr. J. M. Wilson, who points 
out that if a portion of the earth be elevated, and thus come 
to occupy a greater horizontal area than it did before, it cannot 
return to its former position so a^ to leave everything as it 
was. The rock has been displaced, and the earth's surface 
is curved; hence, when the area subsides, the rocks would 
become folded on themselves so as to occupy the former 
space, and contortion would thus be due to subsidence of a 
curved surface, while elevation might occur in an adjoining 
district, so that the strain in the first would be relieved. 
But if, during elevation, the convex surface of the mass 
becomes fractured by the strain, subsidence may be accom- 
panied by the relative displacement of the portions on either 
side of the fracture line, and thus the whole might be again 
acconmiodated within the former area without contortion, 
and without compensating movements in adjacent districts. 
Faults, like the metamorphosis of sedimentary strata, and 
the fusion of igneous rocks, are doubtless in progress at the 
present time : great elevations, as that of the Chilian coast, 
extensive subsidences, like those of Greenland and of the 
Aralo-Caspian area, cannot have left the strata unaffected ; 
and geologists have shown that the smooth surfaces of rock 
on either side of faults are scratched or scored in such a way 
as to indicate that the displacement has been effected by 
several movements at different periods, and not always in 
the same direction. The gradual development even of a 
displacement to the extent of 2000 feet, is one of the reason^ 
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why faults avo not mdicatetl at the surface by any pi-oniinent 
features. Even liad tlio dislocation been sudden, denudation 
would in time have smoothed away the outstanding portion; 
still more would denudation eSace the aspej'ity of sui-fiice 
resulting from a gradual downwai-d movement. But fault 
lines do sometimes coincide with the wall of a valley for a 
considerable diatanca Thus the northern boundary of the 
Silurian hills of South Scotland is to a large extent in a line 
of fault. In the subjoined diagram, the names in Boraaa 
letters represent the present surface; those in italics occupy 
the place of the stiata removed since the full develojiment of 
the &ult. 

SKCTlOIf AT BlOOAS. 
N.] Fantknds. Old Sed Sandstone. Sauthem Hiila. [3. 

OU Red Sandsioae. Obi Red Suiuitloiie. 
Old Eed Sandstone. Old Red SatidOoae. ^Silurian. 
Traps aud Saadetones. qIiI Red Sandstone. 
Silurinn. iiilurioa: not m 

Sectioh S.E. or Ea.ddinqton'. 



Old Red Sanditone. 



In the upper of these fierureg, the italics show the former 
relatione, the old red sandstone having once covered the 
tops of the Silurians. Near Biggar, the silurians ore now- 
bare; but to the N.B. the old i-ed is still found in patches 
! on the Silurians. The relative displacement near Biggar is 
L very much greater than near Haddington; but the tapering 
f form of a fault line ia perhaps best auggeated by a ground 
I plan of the Campaie district, from Stilling weatwai'da. Tho 

Lower Cnrhoniferons Trapo. O 

Ballagftii !Be<lB. fi, 

Upp er Old Reil SanJatPlic. g [3, 
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fault line dies ont eastwards; and the carboniferous lime- 
stone, whicli, west of Stirling, is found only on the south 
side of the line, is there found on both sides of it, forming a 
continuous sheet across. 
27. CSontemporaneous and Intrusive Igneous Bocks. — 

The relations of the igneous rocks will be discussed in a 
future chapter; but it may be mentioned here, that by con- 
temporaneous trap rocks are meant those sheets of lava 
which have been poured out at the surface on sedimentary 
strata, and which are afterwards covered by other sedimen- 
tary strata, while the rising column of molten rock, which 
overflows at the surface, is an intrusive neck which breaks 
through sedimentary strata. But as this column ascends 
under pressure, portions of it may force their way between 
subterranean strata, or into the vertical fissures which may 
traverse them. Thus a single volcanic outburst would, if 
we could see the whole course of the molten matter, illus- 
trate all these phases. The subjoined diagram will suggest 
the relations — the space below the horizontal Ime being 
occupied by stratified deposits ; — 

Crater. 
Contemporaneous Lava Flow. Level of Ground. 



Interbedded Trap. *g 






.^^ 
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Volcanic focus. 

The contents of rocks, apart from their essential compo- 
nents, are mineral substances which are segregated after their 
consolidation, and organic remains, or fossils. The former 
are the province of the mineralogist; the latter are the 
materials with which the palaeontologist has to deal. 

28. Preservation of Fossils. — The remains of plants and 
animals are either preserved in the places where they lived, 
or are drifted to other localities, and there preserved. The 
completeness of the remains depends on the rapidity with 
which they have been covered up, or on the process to whicli 
they have been subjecbed. The mammoth was frozen into 
the Siberian cliffs, and the bodies, untouched by dec^y , ^^t^ 
23 -a 
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perfectly preserveJ till oiir own time; men cml animals 
buried in peat have been found, sliiivelled but entii-e, and 
tha tissttea, deprived of tlieir moisture, may be perfect if the 
body baa been exposed to gi'eat beat in a dry atmospbere. 
But for ibe most part decay baa set in before tbe object is 
covered up, or goes on afterwarda; in tbo latt«r case, -we 
aliould expect to find tbe whole of tbe bai'd parts preserved 
in their natural relations; in tbe foiiner case, the amount 
■wbich cornea dawn to iia depends on a vai-iety of circum- 
Btancea. Thus, sbell fisb dying in great depths of water 
will slowly decay, and only tbe Lard sbella be covered up; 
tint tbo ehella may, in a sandy material, subsequently dis- 
appe^, infiltration of water charged with caibonio acid 
dissolving tbo calcareous matter; and this action usually 
goes on in fi-esh waters before the ahalla are covered up, eo 
that only a layer oi marl represents perhaps a very abundant 
molluscon fauna. If the mollusc dies within reach of tbe 
Bhoro waves, it may bo rolled to and fro till it is ground to 
powder, as if it were a pebble. Animals dying on land ore 
either eaten up by other animals, or decay dkintegratea even 
their skeletons, while the hardest pai'ls may be washed into 
rivers, rolled to and fro, and finally entombed ia a veiy 
mutilated state. If tbe caixiaae is at once canied off by a 
stream, it may be pai-tly devoured as it floats, and fragments 
of the skeleton may thus be dropped at intei-vals, leaving 
carious puzzles for tbe zoologist. Icebergs every year float 
from the extreme north, conyiug away Arctic animals which 
could not escape, and whose remains are scattered over tbe 
sea floors of temperate or even sub-tropical regions. Dr. 
Ettckland experimentally demonstrated the reason for the 
comparatively large number ol lower jaws of vertebrated 
animals contained in fossiliforous strata. These bones have 
very slight attachments to the tnink, and di-op off therefore 
easUy. If wo knew tbe exact equivalents in time of the 
jaw-containing eti-ata, we might find the remains of their 
skeletoas, and tiiua combine into one parts which, in their 
fragmentary strata, have been refeiTcd to different genera. 
Large mimbei-s of animals are somotimea found entombed 
together, kiUed probably in shoals by floods of fresh water 
poui'ed into the sea, or by outbursts of s^irings charged with 
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Ions aubatances; these two phenomona Iiaving occmred 

in recent times in the Bay of Fuudy tuid in the Indian. 
Ocean. The Pampean mud contains vaat quantities of 
mammals which have Bunk in the swamjis, and been trampled 
down by those which followed, eagov to drink after-droughta. 
Of animals which contaiaed no firm parts, no remains can 
be expected to survive; yet oven of the gelatinous jelly 
fishea or medusie, the casts have been pi'caei'ved in soft sedi- 
menta with sufficient perfection to allow the aoologiat to 
determine their affinities. But these are exceptional cases, 
and the paucity of the remains of infeiior invertebrates is 
doubtless d\ie to the extreme softness of their tissues. Tho 
zoologist, therefore, is deprived of an important kind of 
evidence on which to rest his speculations as to the succession 
of life. The tissues iae.y be preserved, retaining their 
original chemical composition; but they may undergo meta- 
moiphism, thiis the carbonate of lime in stone lilies and 
bivsdve sheila may be crystallized in the characteristio I 
rhombs, the form of the shell being retained. The material 
may entirely disappear, being replaced grain for grain by 
other matters : thus plants and animals may show oil their 
0nest structure in silica, or the structure may be lest while 
the form is intact, if grains of sand have taken thu place of 
the organic substances. 

The value of fossils is twofold; they may serve as guides 
in the identification of particular sti-ata, the definiteness of 
their forms giving them high value for this purpose ; or 
they may afibrd tho biologist the means of filling up hia 
scheme of the classification of plants and animals, their study 
being then an integral part of botany and zoology. Tho 
interpretation of fossils, then, is not a mere mechanical 
process, but depends for ita value on thorough knowledge of 
the nearest living kindi-ed of the extinct forms. The general 
tables of the succession of fossiliferous stmta were baaed for 
the most part on the more mechanical investigation of fossils. 
But fiiller knowledge has shown that tables so constructed 
do not tell all the truth. Thus it is quite cori'ect that the 
cilnrian strata contain fossils on the whole distinct from. 

Elf the old red sandstone, still more distinct from those ^^^J 
carboniferous, But Professor Eamsay has ■jjCiinteA Q>ib ^^^H 
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that eyen the subordinate members of the silurion seriea are 
RQparated from eaclk other by g^pa of great importance. He 
lias tabulated the siluikaa as follows, fi-oni abovo down- 
wai'da : — i 

Wedlock Shalb. ^^^^I 

Break and atroiig unconfarmitf. ^^^^| 

U?FEB Llandqvert Beds. ^^^^I 

Break oad decided uncDnformity. ^^^^ 

Lower Llandotebt Beds. 

Large break, especially in apecies, and prolialila uncon- 
formity. 

LiuUJDKILO AKD CAJtiDOC BEDS. 

Break very nearly complete, botli in genera and Bpecies, and 
probable unooiiformity, 
Trbuadoo Slats. 

Break very nearly complete, botb in genera and speciea, and 
probable unuonfuiimty, 
LlHOCLA FiAoa. 
Great differences in the foaail contents of two snccesaive 
groups of strata ai'e, in some cases, asaociated with uuooa- 
formity, and this, as has been ezplauied, means repeated move- 
ment of the inferior mass of strata with some amount of 
denudation, the whole representing the lapse of a considerable 
period of time, and a, correajwndingly great change in the 
physical geography of the region. Again, he has shown that 
the lower greenaand contains 280 epecies of animals, of which 
233 are peculiar to it, while 57, or IS per cent., are found also 
in the upper cretaceous. Unconformity accompanies this great 
break in the succession of life, and the 182 species not foimd 
in England migrated, or were destroyed by the geographical 
change. Again, the occun'ence of recognised teri-esti-ial con- 
ditions in this and other ai'eas, as during the Cambrian, old 
red sandstone, upper carboniferous, paj-t of the permian, 
triaa, weald, and eocene times, presents so many interrup- 
tions in the succession of the mai'ine life, on which our 
classifications were almost eiEclusively based. 

What, then, is a formation t The evidence points in the 

' direction of aa important change in our conception of that 

Whereas, formerly, the idea of time was inseparable 

1 itj whei'OEQj formerly, a formation meant a group of 
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deposits laid down during a particular period, and the next 
OYerlying formation laid down during the succeeding period, 
the observations and speculations of Godwin Austen, E. 
Forbes, Huxley, and Kamsay, on the older rocks, and the 
remarkable results obtained by Carpenter, Wyville Thomson, 
and others, in deep sea soimdings at the present, indicate 
what may be called an overlap of formations, the most 
obvious consequence of which is that they no longer represent 
a perfectly definite chronology. The principle has already 
been conceded by the Geological Survey of the United 
Kingdom in the case of the old red sandstone or devonian, 
for these formations are thus arranged on the table published 
by that department : — 

Carboniferom. 

1SPi;?Lnf/pli^S^^!;n« I Supper Old Red SandstoneZ-i J Sl'PtL^^^^^^^^^^^ 
^MiddleOld Red Sandstone. ^^lJI^ Old Ked Sandstone. I t J^'^^^^^^^^o'^^an 
o Lower Old Bed Sandstone. *?S """'* ^*" *•**» w»i*wi~*ic. j^ Lower Devonian. 

RJCQ S 

Silurian. 

Two perfectly distinct kinds of sediments and types of 
animals, represent two perfectly distinct geographical areas, 
the one continental, the other marine, which co-existed during 
the interval between the silurian and the carboniferous; we 
have here, therefore, a good case, illustrating the general 
proposition that formations represent geographical areas, not 
periods of time. Again, the wealden land existed before and 
after the set of deposits, which now preserve its debris, were 
laid down, and the fact might be represented in a table, 
thus: — 

Tertiary. 
Wealden Land ( ^PP®'^ Cretaceou3 . 

The wealden land merged into the tertiary, just as it was 
itself the direct continuation of the purbeck land; or again, 
jbo take marine deposits: 

Existing Seas.' l^^^'""^ Continents. 

Cretftceow Seas. ^^"^^J^ Contmenta, 
v*^i«i^i/i« «c«w. Wealden Land. 
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It may be a long time yet before the details of these re- 
lations 3,re elaborated. But it is right to set before the 
student such a general view as may enable him to understand 
the drift of modem investigation, and to appreciate the con- 
nection which exists between the geography of to-day, and 
the geography of former periods. 
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SECTION I.— CONTINENTS. 

Their Areas — Homomorpliism — Coast Lines : their Ilomomorphism ; 
Mountain Chains Parallel to Coast Lines — Evolutions of Conti- 
nents: Great Britain; North America — Persistence of Deep 
Oceans — ^Theory of an Insular Period — Influence of Variations of 
Land and Water Surfaces on History of Man. 

The surface of the globe is divided between land and water, 
the latter covering an area nearly three times as large as that 
of the former. The approximate measurements for the land 
being 51 millions of square miles, for the water 146 millions 
of square miles, makes the total area of the globe 197 
miUions of square miles. The ratio, on this calculation, is 
1 :2'8; the proportion given by Sir Charles Lyell, on Mr. 
Saunders' authority, is 1 : 2-42. 

29. Areas of Continents. — ^The land is ii-regularly distri- 
buted : V The greater mass is found in the northern hemi- 
sphere, and in that portion of it which lies between 40° W. 
Ion. and 150° E. Ion., the area thus indicated including the 
European and Asiatic masses. 2° The great blocks of land 
have their northern extremities massive, while they taper 
towards the south. 3° The mean elevation of the continents 
follows generally their horizontal dimensions. The following 
table gives some of the measurements adopted by various 





Average Height. 


Area in Square Miles. 

, 1 


Coast Line. 


Earox>e|. . . . 
Asia, 


670 630^010 
1150 1080 ' 


17,200,000 


14,128,000 


17,000,000 


30,800 


33,000 


America,. . . 


930 870 


16,000,000 


10,608,000 


14,000,000 


47,000 


44,500 


Earope, .... 


670 630 


3,550,000 


2,088,000 


3,400,000 


17,200 


20,000 


AfHca,, .... 


1600 


11,511,000 


8,720,000 


11,300,000 


14,000 


16,600 


Aiiitni]ia» .. 


500 


3,418,000 


2,208,000 


3,500,000 


\ im \ ''f^^sao 
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^™ writora j they are tlms tabuliited to show tlie range flP" 
variations between calculations, which are, after aU, mere 
approximationa . 

Inspection of a map or a globe will show that the land 
and water are inverse to each other in ratio as well as in 
form in the two hemispheres. All the continenfAl masses, 
including Australia, have their greatest breadth towards the 
north, and thia tendency is apparent even in both divisions 

Pof the American continent. Hence the northern circnmpolar 
land may be said to be prolonged in wedges southwards, 
while the great water circle of the southern hendsphere 
presents corresponding oUemations towards the north. 

30. Homomorphism. — The similarity ia form of the conti- 
nental masses is one of those resemblances which have been 
spoken of as geographical homologies; but the importation 
into geography of this anatomical phrase is unfortunate, since 
we are not yet in a position to affirm that the forma have 
been impressed in all cases by the operation of the same law, 
however probable it may be ; aad we know that neither in 
point of age nor geological struotiire, are the continents 
identical As, however, a compendious tonn is required to 
express this relation of sirailaiity, homomorphism is leaa open 
to objection, and it is uaed in die following pages because it 
implies no theory, and would still continue applicable even 
if a unifoi-m cause were demonstrated. 

31. Coast Line. — The greater breadth of continents at 
their northern extremities, and their attenuation southwards, 
are obvious, and are carried out even in considerable detail. 
Thus "S. America and S. America repeat the same figure: 
in both the eastern shoulder projects, culminating in Cape 
Charles in Ijabrador, and Cape St. Koque in Bi-azil. Africa, 

■ projects westward, the coast line between 10° and 30° N. Ia,t. 
! overhanging the Gulf of Guinea. Thus the 8. Atlantic basin 
f is bounded by two masses of syrametrical form, save that 
L their leading features are not under the same parallels of 
[ latitude. The Eed Sea separates Africa from Arabia, and 
"^'" 3 latter country is again separated by the Persian Gulf 
im Persia. Arabia, moreover, has a north-westerly angle, 
UjAiB Muscat peninsula, wliich repeats the Somali prominence 
~f Afiios, 80 that the entraiicea to the Hed Sea and the 
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Persian Gulf present the Rame angular form. Cape Comorin 
termmateB a triangular area, which the valleys of the Indus 
and the Ganges nearly sepai^te from Central Asia, and the 
Malayan peninaula gives numeroua examples in detail aa 
well as in its genei'al form of the same triangular shape. 
Australia is at present sepai'ste fi-om Asia, but there is suffi- 
cient evidence that this sepai'stion is of comparatively recent 
date, according to the geological standard of time, though in 
the ordinary language of men it is of very remote antiquity; 
and, bearing this in mind, it is clear that the Pacific Ocean 
is in reality bounded by two homomorphic masses, the main 
Bses of which are parallel, the Centred American isthmus 
finding its counterjiart in the isolated lands of Sumatra, 
Java, and Timor. The axes of these masses — not the leading 
mountain chains, hut the lines equally dividing their area — 
are meridional, thoBO of S. America and Australia curving 
■wffltwards, N. America and Asia eastwards. Europe is excep- 
tional to what at fii-st appears the itde, that the northern and 
Bouthem masses have contrary inclinations, since that mass 
of which Spain is the Houth-westem esti-emity has, at least at 
present, its ajcis convergent with that of Asia, Other excep- 
tions are found on a minor scale, the land pyramids of the 
northern Mediterranean shore having their axes irregularly 
disposed, and rarely meridional. The homomoiphism of land 
masses tiien, striking as its leading features are, cannot be 
maintained as an absolute mle. The exceptions are due to 
the in-egular lines along which those influences acted to 
■which the form and character of the coast line may be traced ; 
and in the coast lines of various countries homomorphism of 
another kind may be detected. 

The extent of coast line of the principal masses of land 
has been stated in the table, Art. 29. !Not much importance 
can be attached to these figures from a theoretical point of 
view. The configuration of the coast depends upon the 
geological structure of a country, upon the length of time 
during which it has been exposed to denudation, upon the 
uniformity or variety in hardness of the rocks, on the influ- 
ence of prevailing winds and marine currents, the amount of 
Tainfall, or the presence of ice — in short, on all thoso ciixium- 
Btancfts an which dependa tie waating or deauia^io-n. oi 'Saift 
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dry land. The uniform outline of Afiica and Australia ia 
analogous on a lai^ge scale to tha configuration of the east 
coast of England, where the sea line, being formed of roeks 
comparatively homogeneous in texture, shows notable inden- 
tations only at those pointa where streams reach the sea from 
the interior. Again, the Berrated coast lines of Norway, 
West Scotland, and Ireland, and of west*m 8. America, t«ll 
not merely of similar conditions aa regards atmospheric waste, 
meaning thereby the influence of rain, rivers, and ice, but 
also of similarity in the texture of the rocks themaelves, 
■which are, in all the^e cases, highly disturbed and altered 
Btrata of unequal hardness, and disposed in layers at con- 
aiderable angles, often at right angles, to the hoiizon. Tha 
characters of the coast line are those of the genera,! surface 
of the country; a generalimtion which only expresses in 
other words the fact that the features of the sea bottom are 
those of a former dry land now submerged. This relation of 
the submarine vtdleys to those of the dry land will be more 
evident when the origin of valleys has been discussed; mean- 
while the student may satisfy himself, from the atlas, th&t 
the intervals between the islets off the coast of N. and S. 
America, of Norway, Scotland, and other countries with 
similarly rugged outlines, may be refen-ed to prolongation of 
the river courses of the dry laud. 

3S. Atcmntaiii Chains Parallel to Coast Line. — Cousidei^ 
able importauco lias been nttsiched by geogi-aphers to the 
fact that, in a largo number of ciiscs, the leading mountain 
axes are close to and parallel with the coast lines, llius, 
the American ooutinent ia traversed by & nearly continuous 
line of mountains; Scandinavia has its line of heights towards 
the western shore. The margins of the S, African central 
■basin are elevated; the Australian highest grounds ai-e on 
the eastern store. But tho exceptions are more important ; 
thus, the Enropean Alps have no obvious relation to a coast 
line; the Himalayas aro far from the sea; the transversg 
chain which, there is good reason to believe, traverses Equa- 
torial Aiiica, is neither close to nor parallel with any 
adjacent shore at the present time, though it was close to 
the margin of the geologically recent Sahara Sea. The 
jositioa of the hig'hest grounds is for the moat ^ait capable 
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of explanation by reference to the geological history of a 
country; for, though it is not in all cases possible to follow 
the evolution of the continents, still a few instances occur 
in which the course of events is tolerably clear. 

38. Evolution of Continents. — On the geological map of 
the British Islands (Stvdent^s Physical Atlas , PL XX), the 
bands of colour which represent the formations have con- 
siderable regularity. The oldest rocks, the laurentians, are 
found in the north-west in the Hebrides, and these are 
themselves formed out of the debris of pre-existing dry 
lands, whose position, however, we cannot positively deter- 
mine. Probably it was to the west and north-west, in the 
position of the present Atlantic basin. This at least is cer- 
tain, that the next succeeding formation, the Cambrian, lies 
in hollows on the surfaee of the laurentian, and that these 
together formed the floor and shore, on and against which 
the Silurians were deposited eastwards and southwards. The 
inland seas of the old red sandstone represent another eleva- 
tion of the sea floor along a N.E. and S.W. line, the regii- 
'larity of which is, however, broken by the valleys, into 
which rain and rivers had fashioned the plain of marine 
denudation, and the semi-continental area had on its south 
shores the seas in which the devonians of S.W. England and 
Germany were deposited. Prior to this time, by inequalities 
of movement and by denudation, the Silurians had been 
divided into isolated masses, those of Scotland forming three 
bands, imperfectly parallel: the one to the N.W. of the 
Caledonian Canal; the next the wedge whose apex is sea- 
wards towards Donegal Bay, and which is separated by the 
broad middle valley of Scotland from the southern uplands. 
This Silurian mass has its axis prolonged into Ireland, and 
the hog-backed ridge it presents sinks down to the N.E. and 
S.W., and is there covered by the later formations. But 
already Scotland had undergone more elevation than England, 
for the upper Silurians, which in England had been laid 
down around the emerging lower Silurians, are not found in 
N. Scotland, and, in the south, fringe the great bank of land 
just mentioned. At the Pentlands, S.W. of Edinburgh, at 
Liesmahagow and Girvan, on the north side of the lower 
gXturiau tract, and near Kirkcudbrigkb on t\i'^ ^0">aSti^ 'Ofikft 



r 



Tipper siliu'ianB rest nnconforroably on the lower, tliB latter 
having therefore been disturbed and elevated — perhaps they 
even formed an island — before the deposit of the former. The 
slow BubmerBion and re-elevation of the area during carbon- 
ifei-oua times, did not disturb the relative heights of the two 
countries; at least the marine carboniferous rocks of Scotland 
have more the character of shore and shallow water deposits 
than those of England. After the partially continental con- 
dition which characterised the close of the paleozoic and the 
commencement of the mesozoic periods in this area, there is 
a steady change in the axis of elevation of the shore line, 
and the colour bands describe a curve the convexity of which 
is towards the S.E., while the axis of the tertiaries is eoab 
and west, as are the axes of the latest elevatory movements 
in this pait of England. In general terms, therefore, the 
land has grown towards the 8.E., and the hill groimd on the 
■west has come to border the coast line, because the lower 
ground in that direction has partly subsided, and partly 
been removed by denudation, A similar history of develop- 
ment is fiuTiiahed by the eastern portion of the N. American 
continent; but though the lanrentian rocks, the first sedi- 
mentaiy deposits formed on the shores of nnknown lands, 
form a much moi-e complete series, the rocks subsequent to 
the carboniferous are not so varied as in Britain. The thick 
sedimentary strata of the Appalachians contrast with the 
thick limestones on the west of the Mississippi basin, and 
indicate the position of land to have been out towai-ds the 
Atlantic. But though this ocean was formerly the site of 
extensive dry land, it does not follow that it ever fonned 
one continuous continent. The probability is, that the 
diangea to which reference has been made left a central 
valley always under water, that the shores of the ocean have 
advanced and receded, but never effaced the intervening 
trough, Palteontology and physical geology agree in main- 
taining the all but certainty of a continuous land having 
connected S. Africa with H, Eiu-ope since the trias. The 
peculiar reptiles are of the same types, and the necessity 
for them of a land surface on which to pass from the one to 
the other locality, has compelled investigations which have 
resulted in the above-stated conclusion. But it does not 
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follow that the land was as continiioua as it is now; tlie 
ing of the continent may have been slow, btit the migratioa 
has been penuitteil, perhaps compelled by it — JHst as in more 
recent times, the shifting land of the pEiciiio haa isolatod 
the Tasmaniftn, who could not even build a raft, from his 
kindred in Kew Caledonia. The land on which tlie trees 
and the gigantic lizards of the weald flotuished stretched 
from western England across Biscay into S. France, and thi 
chalk ocean deep to the north shoaled as it apjiroached 
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34. Insular Period. — Conjectures have been formed 
to a former insular condition of the northern hemisphc 
during the carboniferous period ; hut it is now satisfactorily' 
ascertained that the fiicts of that period are more intelligible 
on the theory that the land was continuous, and that the 
archipelago of small islands assumed to have existed would 
have involved a departure from the known proportions of 
land and water, for which there is neither proof nor analogy. 
In his Friiiiciples of Geology, Sir Charles Lyell gives a map 
siiowing those parta of Europe which have been under water 
since the commencement of the tertiary epoch. It appears 
that veiy little of Europe has been dry land through all 
that period; but the relations of existing to fossil species of 
animals show that the dry land has for a long time occupied 
the same general ai-ea. In S. Ameiica the same relation 
holds, for the edentates of the present day are the represen- 
tatives of the gigantic sloths and armadilloes of the latest 
deposits, and the more recent fossils of New Zealand and 
Aiistralia belong to the same peculiar types which now 
inhabit that area. 

To admit the extreme antiquity of continents, and to 
believe that the land and water have always exhibited tho 
Rome general pi-oportions, does not necessarily involve denial 
of the i»ssibifity of other distribiitions having existed in tho 
remote past; but the doctrine of uniformity requires proof 
of any departure from the ratios which, so far as our know- 
ledge goes, have existed from the beginning of the fossilifer- 
ons strata; and the doctrine of evolution, which is only 
particular case of tho law of unifonnity, leads us to seek 
the geological changes of the past an ex^>lano.ti<in of ^ 
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geograpliy of to-day, tliough we may not always lie able to 
trace ail the Bteps. 'Ihe existtnee of the Atlantic as a deep 
water area, at least since tlie clialk formation, is one of the 
things proved liy tho N. Atlantic ejqiloring expeditions, and 
the charactei-istic forma of the Atlantic oaae have heen 
recognised hy Gtlmbcl in limestones of the paloeozoio peiiod. 

36. Influence of Variations in Land and Water SnrfaceB 
on History of Han. — The importance of the facts mentioned 
in this chapter ia considerable as bearing on the histoiy of 
man. The greatest amoimt of dry land is situated in iha 
temperate regions, which are thus occupied by the most 
active members of tho human race, to whom they yield tho 
moat abundant supply of animal and v^etable food, climate 
and soil permitting the adoption of methods of continuous 
cultivation impracticable in wanner regions. The coinci- 
dence in the temperate regions of the chief subterranean 
stores of iron and coal, has further contributed to render 
these areaa the most important in the history of the world, 
since they are at once the chief aeate of commerce, and are 
in possession of the means of conveying their wares, and of 
producing the arms by the use of which the spread of com- 
merce and civilisation is accompanied. The continuity of the 
Europeo-Asiatic continent permitted the utunterrupted spread 
of the various familieit of mankind, and their almost universal 
diSiisiou over the whole ai'ea has reduced to very small dimen- 
aions the tracts occupied by the comparatively uncivilized 
peoples of the extreme north and north-cast. The isolation 
of the southern continental masses, on the other hand, has 
helped to maintain the trills living in their southern extremi- 
ties in a state of low civilisation, the condition of the South 
Africans and the Taamanians being alike extreme cases — the 
one being.cut off from his noithem neighbours by tracts of 
desert land, the other by a sea which he had not the means 
of crossing. It must of coui-se be borne ia mind that 
between the nortliera and southern peoples constitutional 
differences exist, but these do not explain all the facta for 
which physical conditions supply the necessary key. 

The intersection of the coast line by numerous indentations, 
as in Scotland on the small scale, in the MediteiTanean on 
tiie large, helps to diminish the distance of the inteiior fi-om 
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ihe sea^ and to render intercourse easier. Where, as in 
the West Highlands, neither the soil nor the peo])le were 
adapted for commerce, the natural features only made clan 
waHare easier; but the northern shores of the Mediterranean 
rendered possible the creation of the vast empires, rich in 
commerce^ and powerful in war, the ruins of which are still 
grand. 

Thus the geological structure of a country, its antiquity 
as a continent or part of a continent, and the nature and 
amount of the external influences to which it has been ex- 
posed, haye an important influence on the history of man. 



SECTION n.— ISLANDS. 

1" Islands — ^Dismembennent of Continents — Australia — Malayi 
Polynesian Islands — Great Britain — 2" Islands, directly or 
indirectly due to Volcanic Action — Coral Islands — Reefs — 
Barriers, and Atolls — Volcanic Islands — Submarine Gravel 
Banks. 

36. Definition. — The distinction between continents and 
islands is arbitrary, both being masses surrounded by water, 
and inequality of size does not constitute a true difference. 
The artiflcial character of the distinction is further apparent 
when chains of islands, as the Hebrides, even Great Britain 
and Ireland themselves, New Zealand, New Caledonia, and 
New Guinea, at the Antipodes, are foimd to bo successive 
dismemberments of the adjacent larger masses of land. The 
elevation of a limited portion of land till it projected above 
the surface of the sea would constitute an island, which, 
though still — as a matter of definition — ^in the same category 
with a continent, belongs to a different group from the 
isolated masses formed by the ordinary dismemberment of 
parts of a coast line. It has been proposed to separate 
islands from continents by reference to the form of the sur- 
face, a continent being a land mass, with an inner basin, like 
Africa or Australia. But this is practically to make an 
exception the rule. The African continent exhibits an 
unusually large area, for its size, of horizontal strata, and 
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the deimJn.tii>n of these haa left a central basin, by processea 
■which have occupied long periods, but of which we do not 
know the details. The disturbed strata of the British latanda 
and of Canada, though equally ancient as continents, have 
not asauuied a basin form, wluch, indeed, was incompatible 
■with their structure. 

87. Claaaiflcation.— Islands fall naturally into two groups, 
those which have been part of continuous land, and thoea 
which have a different origin. It is anticipating what will 
be said in a following section, but it must be premised that 
the contour of the siu-face of the dry land is prepaj^ either 
by movements proceeding fi-om the interior of the earth's 
crust, or by operations taking place on its surface, 
two phenomena find their extreme illustration in tl 
nient of islands. 

The two groups ai-e — 1. Islands which were once portions 

■ of continental lands. 2. Islands which never were portions 
of continents, but which may become associated with them 
by extension of the mainland. 
38. Islands once part of Continenta. — The first group 
embraces a veiy large series, the majority of existing islands, 
■which are capable of an approximate chronological classifica- 
tion by reference to the plants and animals they contain. 
Thus, Australia represents a very ancient separation &om 
all other lands. The animals which it contains, marsupials, 
omithorhynchus, and echidna, once had a much more exten- 
sive diffusion over the globe, their fossil remains being found 
in the mesozoic strata of Eiu-ope and America. At present, 
the opossum family (Didelphida) are the sole i-epresenta- 
tives of the marsupials beyond the Australian ai'ea, and they 
are foiuid in the Southeiu States, in Central America and 

»the noi-th part of South America. The I'emaining orders, 
ihs omithorhynchus and the echidna are confined to that 
area which incliides New Guinea, New Caledonia, Hew 
Zealand, Tasmania, and Australia. If, on the map, a line 
be drawn from the N.W. extremity of Celebes to the N.E. 
extremity of New Zealand, and if the axis of the latter be 
prolonged to intersect a line drawn from Adelaide on the 
BOutli coast of Australia, so as to touch the western shores of 
k Taainanid, a pymniiUiil ai^ii, witli its apex at tbe Macquavie 
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Islands, will be described, which corresponds to the position 
and form of a continental mass, similar to the Africa of the 
present time. The north-western boundaiy of thLs continent 
would be formed by a line comiecting Celel>es and Western 
Australia, and passing through the stniit between Lombok 
and Bali Of this continent, tlie islands included within 
this area would be the surviving representatives, wliile many 
of the islands lying to the noHh and east of the limits hero 
given ought, probably, also to be included The definition of 
this ancient continent is based by Wallace on the distinct- 
ness of its fauna from that of the immediately adjacent 
Asiatic continent; and if we take into consideration the 
resemblance of the land and marine forms of this region to 
those of the mesozoic strata of Europe, good reason wilJ be 
found for accepting his conclusion that these South Pacific 
Islands are the fragments of a continent which occupied an 
extensive area at a time when an open ocean occuj^ied the 
place of South-Eastem Asia. On the other hand, the deep- 
water sea channel which skirts the western shores of Celebes 
and Lombok has, on its western side, a gi-ouj) of islands, the 
ammals of which manifest the closest agi-eement with those 
of Asia, and prove their recent separation from that mass of 
land. A plan is subjoined of the Malayo-Polynesian Ai-chi- 
pelago, for the purpose of showing the leading lines of the 
insular groups, lines which may yet prove to have been deter- 
mined by the leading features of the earlier continent from 
which they became detached. Tlie lines curve eastwards in 
Java, Sumatra; and though these islands lie to the east of 
that ancient deep channel fixed by Wallace, it is important 
to note that the outline from New Zealand conforms to the 
lines of high ground in Eastern and Central Africa. 

Madagascar, though separated from Africa by a channel 
of only 300 miles in width, has a fauna so peculiar as to 
suggest the extreme remoteness of its separation from the 
adjacent mainland; while Britain agi'ees so closely witli 
Europe in its animal and vegetable inhabitants as to sug- 
gest, indej^endently of other evidence, its recent isolation. 
Further, the common chai*acters of the types of life found on 
its western shores with those of Scandinavia, on its south- 
western portions with those of the Iberiaxi peimmVsk., ^\A qv\. 
2^ ^ 
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ISLANDS DUB TO VOLCANIC ACTION. 67 

its eastern shores with those of Central Europe, suggest not 
merely a recent, but a direct connection with the various 
regions named; and an inspection of a submarine chart 
iniforms us that the United Kingdom projects from a sub- 
mai-ine plateau less than 100 fathoms in depth, the limit of 
which extends from the north coast of Spain, round and 
beyond the west coast of Ireland, the Hebrides, and tho 
Shetland Islands, passing thence to the Gulf of Christiania, 
and skirting the Norwegian coast to the north {Student^ a 
Physical Atlas, PL II.). Physical and zoological evidence 
thus concur in demonstrating that Great Britain and Ireland 
are islands recently detached from the mainland. Aj)plying 
the zoological test, the greater difference of the fauna of Cor- 
sica and Sardinia from that of France, indicates a greater 
antiquity for these islands than for Britain, and thus a 
graduated scale may be constructed between Britain, in 
which the variation of species is slight, to Ceylon and Tas- 
mania, in which the number of peculiar forms is progressively 
greater J 

39. Islands Directly or Indirectly Due to Volcanic 

Action. — ^The second group of islands includes two distinct 
types, those which are obviously of volcanic origin, the rocks 
of which they consist being volcanic products of various 
ages, and those which are indirectly due to volcanic action. 

The Coral Islands of the Pacific Ocean may be taken as 
the most convenient illustration of the latter class. The 
general conclusions to which their study by Darwin, Dana, 
and others leads, are, that the coral reefs are very slowly 
built up, the growth being estimated variously from ^ of an 
inch to YTO ^^ ^^ ^^ ^^ ^^ year. Allowing for the im- 
portant help given by shell fish and other marine animals 
with calcareous investments, ^^ of an inch is a large estimate, 
and gives one foot in two hundred years. But as the 
zoophyte, which secretes in its walls the limestone skeleton, 
requires a certain depth of water, of which the lowest limit 
is, on an average, twenty fathoms in the open ocean (though 
a greater depth is possible in warm waters, as of the Red 
Sea) to enable it to live luxuriantly, and as the species 
have very different limits of depth, it follows th^t the coral 
may continue growmg only bo long as any changj^ -^RVi.^ 
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may take jilace in its relative level is veiy rIow, a sudden 
elevation ov depreBsion being fatal to it. The pi-eseuce of 
great coral reefs on dry land, as in Florida and the Ladrone 
lalandB, indicates the elevation of the surface on which the 
a grew; and taking coral debris, not coral reef, as the 
test of elevation, a relative change of level is certain if the 
. debris ia found in quantity at and over twenty feet above 
high tide mark, that being the genei-il limit of atoi-m- 
.h^ped accumnlationa. That depression has occurred is 
proved by the separation, by a. deep and wide cliannel, of 
a coral reef from the island to whitji it is attached, by the 
existence of atalls, and by the discovery of atolls beneatb 
the surface of the sea. The atolls or lagoon isltuids are more 
or less complete circles of coral reef surrounding a basin of 
salt water, in other woi-ds, representing a banier reef, the 
island round which it grew having gradually sunk and dis- 
appeared, while the downward movement Las not exceeded 
the rate of upwai-d growth of the coral. If subsidence con- 
tinues long, tJie upward growth of the coral will diminish the 
Bise of the lagoon, the place of which may come to be taken by 
& very small coral island. Tliua the paradnxicnl Btatement is 
true, that the small size of a coral island may be proof of its 
antiquity. Eecently emerged islands are neoeBsai-ily destitute 
of vegebition, and time is required before tlie waste of the 
ooral provides a soil on which plants may grow. The intro- 
dnction of seeds may have taken place by their drifting from 
some wooded island, by their being carried in the soil lodged 
in hollows of driftwood, or attached to the feet of birds, or 
dropped undigested by them. The amount of life is small in 
each islands, and the variety is not great, but the distinct- 
^^ neas of the species fi-om those of adjacent lands is often 
^^t Bxti-eme. 

^^P Tlio barrier reefs and atolls have naually one or more 
^^B openings, lending into the enclosed water. TJiese coi-reapond 
^^K to the position of streams descending fi-om the island dui-ing 
^^M its submei'sion, the coral not growing at these points where 
^K 'Water, charged with impurities, flowed over its sui-fiice, 
^B Dana finds in the iiTCgular outline of the islands another 
^^^ proof of subsidence; for, the valleys having been formed by 
^H et^ams, and the nofches with wjiicli they indent tte coast 
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being produced while the island is above the water, the 
existence of irregularity of outline shows that submersion has 
not lasted long enough to allow the sea to smooth away the 
inequality. 

The lands on which the reefs grow may be either volcanic 
or, as has been said, may be a fragment of a former continent. 

"Volcanic islands are either entirely composed of volcanic 
material, or of volcanic and sedimentary materials combined. 
And in the latter case we may again recognise a distinction, 
the volcano, in one case, being the centre around which sedi- 
mentary materials have accumulated, in the other an orifice 
opened from beneath in the midst of pre-existent sedimentary 
strata. 

Such islands as Saint Paul's, Amsterdam, and, above all, 
the temporary Graham's Island, are examples of the typical 
volcanic island, the genesis of which seems to be traceable in 
the shoaling of the Atlantic basin along a line connecting the 
most westerly point of Africa with the most easterly point of 
S. America. That actual elevation of the sea floor takes place 
is unquestionable; but in Graham's Island, and in the sub- 
marine Atlantic formation, we have evidence of that other 
method of raising a cone by the superposition of lava and 
ashes which have been poured out from a crater. 

The north-eastern peninsula of Celebes furnishes an ex- 
ample of the fusion of an originally distinct volcanic island 
with an adjacent land mass, the elevation of both ending in 
the ultimate junction of their bases at and above sea level. 

The volcanic islands of greater antiquity, as Madeira, 
Teneriffe, Sumatra, Japan, exhibit every gradation from 
those of which the volcanic rocks form the nucleus, to those 
of which they are, so to speak, only later accidents. The 
animal and vegetable population of these islands suggests 
sundry very complicated problems, which we are not yet able 
to solve, the distinctness of the faunas of Madeira, Porto 
Santo, and the Azoi^es, not being explicable, save by the 
conjecture that they have been separated for very long 
periods of time, during which important specific variations 
have been brought about, 

40. Submarine Gravel Banks. — ^The last point which 
remains to be noted regarding islands is the evid^w^^ o£ 
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their ultimate diaappeai-ance. On tlie cliaris of the Eiiglisli 
Channel, shoals occur which are " awash," that ia to say, 
level with the am-face of the sea; others are at various depths 
beneath the surfnce, and on these ncounmlfttiona of gravel 
e found, proving their subniei-sion. For gravel, the coai-se 
detritus of land, ia a shore nccumulation, and when it occurs 
in patches at aome diatance from land, it obviously could not 
have been transported, but must have been formed wbere it 
is found, and in the ease of Jones' Bank, must have been 
formed on the shoi-o of an island, of which th;it shoal ia the 
Bubmerged i-epreseutative. 
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their Origin !iy Denudations, not Faults, nor Marino Action- 
Grouping of Huls into Chains — Table-Lands. 

41. Relief of the Dry Land. —Hitherto the hoi-izontal 
area of the dry land has been considered. We turn now to 
consider the vai-ietios of surface which it presents, Tha 
relief of its siu-face depends on two influences; the upward 
or downward niovenients which originate within tlie cnisfc o£ 
the earth, and the denudation which sea and atmosphere 
nnito in producing, while local modifications are the result 
of volcanic outhHi-sts. What ia above tho surface of the seft 
is, however, the same in all essential characters with what 
ia below; the land of the present time has been at fonner 
periods tJie floor of ocean, and tlie Bt>a-botfoms of to-day 
TVill in time nppear, in their tur;j, as dsy land. We ai'e tlms 



l^LANJg 0^ HABINE DENUDATION. iTl 

enabled to take a comprehensive view of the features of tlio 
land, and to reduce the phenomena of land and submarine 
surface to one general law. It has been found convenient to 
treat of islands as distinct from the continents. In discuss- 
ing the contours of the land the distinction disappeaiu 

42. Subterranean Movements. — All rocks that are 

neither volcanic in their origin, nor, like coral reefs, due to 
the direct action of animals, are sedimentary, their primitive 
aspect being sometimes obscured by that change of chemical 
composition and texture which is known as metamori)hism. 
The land having been accumulated under water, had its 
materials at first arranged in definite order. That order may 
have been disturbed by subterranean movements, whereby 
the strata have become tilted, crushed, fractured, and other- 
wise disarranged, and the mass may not bo elevated above 
the sea till these changes have taken place. But if such a 
disturbed mass comes within the influence of the waves, 
denudation smooths off its asperities, and it finally emerges 
from the ocean with an even surface. The strata, if elevated 
without disturbance, likewise emerge with an even siu-face, 
and this we must take as the starting point in our investi- 
gation of the features of the land. 

43. Plane of Marine Denudation. — Though even, the 

surface is not necessarily flat, probably never is flat, but 
presents a gentle slope from a centml position, slightly 
elevated, if we suppose a mass to be raised de novo from 
beneath the sea. If the mass is nearly circular the slope 
will be quaqicaversal, that is, in all directions from the 
centre ; if it is elongated, the centre will form a ridge with 
opposite inclinations, and sinking at either extremity into 
the sea. The gentle seaward slope, "the plane of marine 
denudation" (Ramsay), is the result of the horizontal action 
of the waves on the vertically ascending land, the resultant 
of the two forces yielding a piano whose inclination is pro- 
portional to the speed of elevation on the one hand, and the 
intensity of wave action on the other. As soon as land 
appears, moisture descends on it; and as the mass enlarges 
the moisture increases, so that at last little rills are formed. 
The first drops of water which sought a lower level took the 
shortest route down the slope, that is, at right angles to its 
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is, and tlienccfoiih tlie position of a valley was determinecl, 

i which every eubsequeat increase in the size of the rill deepens 

r <md wideoa. If two Biich lills are immediately adjacent, 

■ the deepening of their hollows rendere sharper the ridge of 

ground which separates them, and thus another eeriea of 

Blopes is produced, from which, again Btreamlets descend by 

the shortest course nearly at right angles to their axes; thus 

\ aecondary streamletB are formed, and as these go on deepen- 

1 ing their channels, the ridge between them becomes lowered, 

,-e may finally have two such secondary streamlets flow- 

1 opposite directions, in what ajipcara at first sight a 
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RrrER, receiving tiibataries oa hoth sidea, flowing in the direction 
indicated by the bitows. The primary tribntarieB b, b, enter 
the main etreaia at right uigleB. The deepening of the tributary 
valleys loaves between each pair a sloping ridge wHich aecondary 
etrcejiilets descend, at in b', b'. If these cat track the interven. 
ing ridge a connecting valley may result, such aa that connecting 
t', h*. Several of these may nuito as at e, and form a, valley 
paiiillol to the main ouo, from ivhiuh, as it deepouB, it becomes 
separated by a riilgo. 
inngle valley, or one without a water parting. If the deepen- 
ing of the secondary etreamlota proceeds more rapidly than 
' the deepening of one of the primary valleys, the secondary 
■valley may intercept the watein of the primary, and thus wo 
may have the principal dniinage of a district effected by a 
channel which is, for a large part of its course, parallel to 
the principal river of the region. In the south of Ireland, 
Mr. Jutes has shown that tLe Bnndon and Lee, which appear 
as the main drainers of the district, are in reality secondary 
streflms which have intercepted the primary water courses, 
and at last rejoin a pi-imary valley at right angles to ont«r the 
sea. Such, in brief terms, is the theory of the origin of valleys 
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^f-W liver action, or, in more general temiN, by ntniosiilicrio^^H 
derandatdoo- It appears, then, that the originul contour of the 
coniitry is that of a, flat Burfaoe or pkin, and that the hilla, 
vhether isolated or in continuous cluiinH, arc in reality por- 
tiona of the original plain, which htiTo been left outstanding 
between groovea excavated by atmospheric donuddtion. The 
hills of a i-egion are, in other wonis, very rarely due to 
elevation, but are for the moat part the result of denuda- 
tion. In Wales, Professor Eamsay showed that the plana 
of mariiie denudation is still recognizable, since a line drawn 
from the summit of Snowdon to the sea would be above every 
peak intermediate between the two ends of the line. In 
Scotland, both in the north and sonth, the same ohseii'iition 
holds good, tho hilly districts having central hei^litn wjjich 
are the axes of the original elevations. Tlius we liave Gi-eat 
Britain divided into six hilly diatricta: Wales, Ciinibprlaml, 
the southern Highlands, the region between the Cii-ampiana 
and the Caledonian Canal, and tiie region lying to tho north- 
west of the Canal; and each of these has the sama character, 
consisting, namely, of a. central principal axis, with a seriea 
of peaks and ridges gradually descentling therefrom. In 
these localities we have on a. small scale the sanie arrange- 
ment which is met with on a large scale in other continents, 
namely, the Cumberland hills represent a nearly circular ^^m 
BiBsa of heights, while the Scottish hill masses arc all anunged .^^| 
in chains, whose direction coincides with that of the lougir ^^H 
tudinal axes of elevation. ^^H 

44 Transverse and Longitudinal Valleys. — ^The valleys 
descending from a doubly slo]>ing ridge am tiiinsvei'Se to its 
axis, and to any valleys which may bo formed jjarallel to 
that axis. Mndagascai", Sardinia, and some other islands, 
consisting of a simple ridge, exhibit only ti'ansverse valleys. 
The map of Scotland, peihapa, best illustrates the ti-ansvers ' 
and longitudinal systems. The mass of high ground, whos 
middle line runs fi'om the Hoss of Mull to midway botwefitirl 
Capo Wrath and the Pontland Frith, is grooved by etreaauiij 
wUicli run genei-ally to W.N.W. and E.8.E. The Soimd oT^ 
Mall is apparently formed by two such valleys, which haw 
lowered the intervening water parting, till practically a aing^fs^ 
valley has been formecL Tho longitudinal valleys are forme^'fl 
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by tiie deepening of tributaries at a more rapid rate than the 
maia stream; thiis the tributaries ara intercepted and carried 
to S.E. and 8.W., wlule the cootinnance of the lowering 
process ultimately lays these two valleys into one, and a 
longitudinal Talley is formed, whiA, if tlie hind is depi-easod, 
bocoKiBS an arm of the sea, isolating a lai^er or smaller tract 
of CMJimtry. If such auhmersion takes place slowly, the 
abrading actiou of the waves planes down the floor of the 
valley, ho that on re-6morgence we shonld expect to And a 
smooth surfiuiB, fi'Dm which all trace of the original waf«r 
])arting hua dtBap]>carGd. Tho influence of the sea on the 
form of such a valloy ia exerted in widening it and in Gmooth- 
ing it down, ro long as its floor remaiiis within tliQ option, of 
its surface waters; hut there is a limit to its operation; for, 
though there is eviJenco that the groat valley of the Forth 
and Olydo has been beneath the sea, a distinct water parting 
has aurvired the submereiou, and the streams flow in op^x)- 
Eito directions. 

45. Shapes of ValleyB, — The water imi-tiug in the imagined 
case of a newly elevated ridge, coincides with the aiunmit of 
the ridge; but, as the ridge ia lowered at the pointe oorro- 
eponding to the head waters of Btreama descending in opposite 
directions, gaps will be formed, and, as the lowering process 

I goes on, till at last the valleys become coutinuoua, tlie com- 
mon groove will become a pass. If a larger body of water, 
or softer sti'ata, enable the stream on one side to eat down 
the gap more rapidly than it is being worn away on the 
other, the water parting will become siuiiouH, anil the sources 
of the streams wontd appear on the map to interlace. 
In temperate regions, Ae shape of such valleys as have 
been described, is that of a triangle V, the apex of which 
may in the larger valleys become truncated \^/, the flat- 
tened area, representing the aUuvial flats formed by the flood- 
borne detritus. But the action of the stream at the bottom 
of the groove goes on along with the disintegrative action of 
the atmosphere on the higher part of tho wails, a slope being 
thus maintained on either side. In rainless regions, such as 
that of the Zambesi, in Africa, or the Colorado district of 
western N. America, the stream wears down ita channel 
veitieally, find the shape of the gorge is more nearly I'ectau- 



frK 



HfiafAINS OF OLD YALLETfS. 7o 

gular I I, the channel of the Zambesi below the falls as 

described by Livingstone, and the canons of the Coloi*aclo 
district, sometimes 3000 feet deep, being stupendous examples 
of the power of unaided streams. Such valleys, moreover, 
have their lines very irregularly disposed, manifesting little 
subordination to the axis of greatest elevation in the dis- 
trict. In glaciated districts on the other hand, as in the 
British Islands, the passage of glaciers down the valleys has 
obliterated the angles, and given the regular curve — cLar- 
acteristic of ice- worn channels. The difference of form of 
valleys thus gives a guide to their age, the convergent sloi)e8 
being peculiar to thoce grooves which have been excavated 
since the ice period, whether on the sides of a hill, or in the 
glacial detritus with which a wide valley has been partially 
filled up. 

46. Remains of Old Valleys. — A river valley for tiie 

most part has the stream flowing at its lowest level; but in 
temperate regions, a river bed is sometimes above the level 
of the lowest point, is in fact scooped out on the side of the 
valley, and parallel to its axis. These exceptional cases are 
confined to ice- worn districts, and suggest that the stream, 
or the glacier, has worn down a new groove, leaving the 
original stream channel as an index of the amount of denu- 
dation which has taken place since it formed the sole drain 
of the district. In the same districts we often observe that 
the walls of the valley slope in two distinct 
planes on either side; the upper, more gentle 
inclination representing the original form, 
through the floor of which the latter more 
acute angled valley has been worn. 

The abrupt change in the walls of a valley, from gentle 
slopes to almost vertical gorges, is a phenomenon chiefly 
associated with glaciation, the gorges being for the most part 
rock-worn channels, which the stream has cut for itself 
since the glacial period, having been unable to wear 
through the detritus with which its old channel had been 
choked up. 

The walls of fiords or submerged valleys, which indent the 
west coast of Scotland, Norway, Ireland, and S. America, 
are cither continuouB or inteiTupted; for if the submersion 
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oTily bring down the ridges nearly to tlie sea level, the coh 
'ihann.ilB, isolating larger or snialler peaki 
47. Alia of Elevation. — la the imaginaiy case of newly 
elevated laiifl, we have assumed that the axis of elevation 
coincidtxl with the middle line of the mass. But thi 
the case in land niaaaea of any antiqnity. In them there 
a gradual rise from the coast towanls the gi-eatest heighta, j 
and these, as has been already mentioned, are nsnally found | 
nearer to one or other coast line. Thna, in S. America there 
ia a gradual ascent on the east side, an abrupt descent to the 
■western shore. The long slope may be either uniform, or, 
as is more frequently the case, interrupted by terraces. It 
is usually stated that a long slope on one side has a at«eper 
counter slope on the other side; but, from what has been 
Baid regarding river valleys, it is cleoi- that this general state- 
ment only describes the large valleys whoso ridges separate 
them from more recently excavated grooves. The gradation, 
therefore, in point of age among these parallel or intersecting 
valleys, explains the variety of the inclinations, and suggests 
^^ that the lesaoa often taught to military engineers, the slope 
^^L on one side ia nearly the slope of the other side, is a nilo 
^^M open to exception to begin with, and still more liiible to bo 
^^M iuacciirate when the action of ice in one, but not in tha 
^^M adjacent valleys, is remembered as a not unfrequent event. 
^1 48. HouttaisB and Hills. — The low undulations of a 

^^M country which has been abnudaned by the se^, und on which 
^^m atmospheric agents have begun to work, stand to the grand 
^^B features of such mountain masses as the Himalnyas in the 
^^1 same relation as the islet to the continent. The height of 
^^B the undulating surface above the sea is in exact proportioa 
^^M to the depth of the furrows, so that, in general tei'ms, elova- 
^H tion and denudation go together in assisting to determine the 
^H relative age of the high grounds. The advocates of atmo- 
^H spheric waste as the agent to which we chiefly owe the featurta 
^H of the diy land, do not exclude the sea from all share in. 
^H determining the position of future valleys. No surface, 
^^^ probably, is ever left a1>solutely smooth; and the mud bank 
^^P of an estuary shows, as the tide ebbs, tlie kind of inequality 
^^P to be expected on a large scale in emerging continentol land. 
^^L '" '■•jlit boVow lieljiB tlio B.tiiioB\i!n;te to commence, bub 
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without sucli a help, the atmospheric moisture would of 
necessity excavate grooves for itself. 

The outstanding features are hills, mountaias, and table- 
lands, plateaux or terraces, terms to which certain tolerably 
precise meanings are attached popularly, but which it is very 
difficult to define, so as to establish a real difference between 
them as regards their origin. The cliffs, escarpments, and 
slopes, by which these features merge into each other, are 
more easily dealt with. 

Between a hill and a mountain the only difference is a 
convention of language, by which the latter term is vaguely 
limited to heights of between 2000 and 3000 feet and 
upwards; the employment of one or other term does not 
therefore, from a geological point of view, involve error. 

Hills are detached or connected by their bases into groups 
of various forms, the linear arrangement constituting a range; 
the junction of several ranges forms ,a group with more or 
less radial arrangement, while system refera to the ranges or 
groups which, in fonn and position, belong to the same 
period, to the same region, or what comes to the same thing, 
are due to the same processes of elevation or denudation. 

Inequalities of the surface are caused by denudation, by 
the outpouring of volcanic or other materials from the interior 
of the earth, and by the shifting of loose materials on the 
surface of the earth. 

In Scotland, isolated cones of gravel aro frequent towards 
the coast lines; and though many of these are obviously 
denuded fi^gments of sand and gravel plateaux, others have 
cei'tainly been left as we now see them by the sea, which, at 
the close of the glacial period, covered the low grounds.' The 
heaping together of the gravel by cross cuiTcnts of water, 
brings submarine and subaerial deposits very close together. 

49. Sand Dunes, etc. — Sand dunes form ranges, the rela- 
tions of which are often very interesting. Tlie wind blowing 
from the sea carries from the water edge a roll of loose sand, 
and drives it onward till it is arrested by the slope of the 
shore, or by some other obstacle; the piling then goes on, 
thQ particles travelling up one side and down the other, so 
that the masses travel forward by stages, the bresLdth of 
W'ki^h k half tlio breadth of thq base oi t\\«i ^^\A vA^ 
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Tliese moimcls c(in oiJy ba formod wliei'e a wind Llowa on 
the slioie Bteadily, or, when it is not blowing, no other wind 
poBses over the aui'&ce ■with equal strength ami frequency. 
Hence the pai'nllel ridges of the dimes iulaud, till cultiva- 
tion, or a wood, or a river, arreate them. In tids country 
these ridges are trifling for the most part, tlio greatest 
development of them being on the north coaat of Cornwall. 
But in Africa, for example, the movement of the desert 
sand over the Egyptian plains, whei-e gaps occur in the higk 
grounds separating the two regions, is on a grand scale of 
destractiveneaa, and in the ThuiT or sand desert, which lies 
north of the Runn of Cutch and east of the Indus, the ridges 
attain to 400 feet in height, their Bummita being thus 50(1 
feet above sea level. It is right to mention, however, that 
Sir H. Bartle Frere doubts this explanation of the origin of 
these ridges, and suggests a series of pamllel fractures and 
anlsidonces as one of the many volcanic plienomeua of the 
district. 

The mounds of glacier detritus, the teiminal moraines of 
extinct as well as existing glaciers, form piles of no incon- 
siderable imiwi-tance in some valleys, those of the Val d'Aosta 
attaining a height of 1600 feet above the plain. They ai'B 
mentioned here simply to enumerate in conjunction all tho 
surface features. 

60. Bearings of Ranges.— The directions of the linear 

nges and the gi'ouped systems of hills varies in diflerent 

gions, as the following toblc, an abstract of that given by 

Jukes,* shows. The orientations ai-e i-educed to Bingerloch, 

and they have not been corrected to any British locality, na 

intended to show the relations of the systems to each. 

other, not to any particular point ; — 

N. 1° 11' W, Corsica, Sarliiiia. lied Sea, Hungary, Syria. 
Upper part of Loire and Allier, Rhone 
L. Miocene, 

N. 2''30'E. Malvern Hilla. I. of Gothland, N. ofKuaaia. 
Permiin. 

N. ISMG'W. Greece. Italy. Sicily, 

N. 21° 4'E. Vosgcs. Ireland. Scotlatiil, Scandinavia. 

N, SI' 15' B. Longmyud. Saxony. Sweden, Finland. ^^H 
* Manual of GeoloQ'j. S^CQud Edition. ^^H 
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Cambbo-Siluriait. ' 

E. 4*'32'N. Isle of Wight. Satra (CarpatLiaus) . E. Alps. 

Jura. 

Eocene. 

E, 2* O'N. From Elbe to St. BnMc'a Bay. Brittany. 

S. Ireland. TUiiringia. S.BuRsi.i. 
E. IS** 6' K S.E. England. N. France. Spain. N. Africa. 

Atlas. Caucasus. 
E. 37" 35' N. Oolitic Escarpment, England. Saxony. ^lonto 

Pilato. 
W. 23* 3' N. Pyrenees. Italy. Sicily. Greece. Cai-patliians. 

Weald of Kent.' 

An attentive comparison of this table with the map will 
show, more especially if the student refers to detailtMl mai)s 
of each locality, that it is easy to construct pai'jillols if wo 
disre<rard the dates and amounts of denudation in favour of 
assumed elevating movements. 

51. Mountain Systems. — The Scandinavian peninsula 
is traversed by a ridge of continuous heights, of which 
Sulitelma is 5956 feet in height, Skagesloestindcn is abovo 
8000 feet in height. 

The axis of this chain is north-cast and south-west. Tlie 
northern portion of the chain is higher than the southeiii, 
and the snow line at the seaward side descends to 3200 feet 
above the sea level. The axis would, if prolonged, iiitei-sect 
the protracted line of the Oural mountains, while, soutli- 
wards, the British Islands may be regarded as a member of 
the chain which bordered the European continent to the 
north-west and west, as the geological structure in both 
countries is the same. 

The Ourals extend over more than twenty degrees of 
latitude, dying out southwards in the plateau of Sakmiira, 
while the higher peaks are situated in the northern portion, 
and the average height is about 2500 feet. Tliis, the eastern 
limit of the European area, has its longer slope to the west- 
wai-d, the steeper declivity fronting the lower plains of Asia. 

From the sea at Cape Finisterre, to the shores of the Black 
Sea, a nearly continuous line of mountains traverses Europe, 
and, through the Caucasus, the line is prolonged through 
Asia, running out in Bui*mah. The Pyreneean section of this 
lon^ line has been elevated Bince the chalk peiioi, StxATLO^ 
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constitutes a natural bamer between France and Spain, 
liaving an average beigbt of TOOO feet, witliout any low 
pasRea interBeotiug it. Ttie liigbeat peaka are Moladetta, 
11,1S8 feet, Peuaroudft, 10,663 feet, Pic de Nethon, 11,426 
feet, Mont Peitlu, 11,994 feet. Tlie slopes aro the reyerse 
of wbut is usual iilong the great east and west chain, for the 
deelivity into Spain is shorter and more gradual than that 
into Fmnce. In fact, Uie Pyrenees are tho northern rampart 
of an elevated plateau from which several ridges approxi- 
mately, east and west, project; of these, the moat northerly 
are the Cantabrlan Mountains, which are almost a continua- 
tion of tho Pyrenees, and the most southerly, the Sierra 
Nevada, parts of which approach 12,000 feet. The snow line 
of the Pyrenees averages SOOO feetj in the Sienu Nevatb 
it is at 11,000 feet. 

The nucleus of the Alpine system lies between t]ie sources 
of the Ehine, Ithone, Ticino, Inn, and Adda; it givea off to 
tho S.W. the Italian Alps, of which Corsica and Sardinia 
are appendages; to the N.W., the Gallic Alps; to tlie S.E. 
the Apennines, which are separated from the central maaa 
by the valley of the Po, almost aa completely aa South 
India from the Himalayas by the Ganges; on the N.E., 
the German Alps pLsa towards the Sorniatian plain, of which 

I the sonthem boundary is fi)rmed by the Carpathians; while 
tho Hellenic Alps are the S.E. prolongations, i-eaohing through 
the Balkan to the Black Sea, and forming, by its southern 
spurs, the deeply intersected BOuth-eaatem comer of Europe. 
The heights in this extengive system are Etna, the most 
Bouthei-ly point 10,874; Momit Athi-oa, 9628; the highest 
of the north-easterly biunch does not exceed 9000 feet; 
the Glockner is 12,956 feet; Mount EInnc, 15,784 feet; 
Mount Pelvoux, 13,468 feet, and the Gallic portion baa an 
(iverage of 6000 feet. A large part of this group is the seat 
of perpetual snow, and of lai-go glaciers, the snow line aver- 
aging 8500 feet, being lower on the south than on the north 
bIo]kb. 
The Caucasus, tho Taunia, and Antitaurus, fonn the con- 
necting link between the Alpine and the Plimalayan nucIeL 
The Caucasus rises above the snow line at many points, its 
loaximiim, Elburz, being 17,112 feet, Tlie Ai-menian or 
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eastern portion of the Taurus and Antitaunis culminates in 
Mount Ararat, 17,200 feet, and Demavend, 21,000 feet, 
is a peak of the range which merges in the Hindu Kush, 
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while the Taurus is prolonged eastwards in a sinuous, hut 
not very high range to terminate at the same point. From 
this nucleus, the Kuen Lim range passes eastwards as tho 
proper continuation of the Europeo- Asiatic line, while tho 
Himalayas bend to the S.E., and maintain a uniform aspect 
23 V 
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facing tlie Imlian Ocean, Tlie Indus and Ei-almiapootra 
rise on tLe north ado of the range, ajid, flowing in opposite 
directiona, breach the ranipai-t at ita western and eastern 
ends, so as, with the Indo-Gangetic valley, to insulate the 
principal part of tlie range. The highest peat, Everest, is 
29,002 feet, and the meaa elevation is between 15,000 and 
16,000 feet. To the north-east, the Himalayan line is con- 
tinued through a region the dctaUa of which are unknown, 
save that it consists of complicated mountain chains, lij 
■which the ti^anHvorse eystem of Central Asia is connectec 
with the great Altai system, which runs from the source o 
the Irtysh to Behiing's Sti^aita ; parallel ranges lie to tin 
north and south of this main lino, and separate differen' 
plateauK from eaeh other, while the circle of mountains just 
outlined encloses the great tahle-land of Asia, the drainago 
of which is, to a large extent, inwards. The ridgea nortli of 
the Himalayas rise to a gi-eat- height above the sea level, 
the central portion attaining to 10,000 feet, while either 
extremity of the range sinks to an avei-age of 5000 feet, but 
these chains are all portions of the original pla,teau of Asia; 
they are fragmenla of plains left outstanding by denudation. 
Modem as is, geologically speaking, the elevation of the 
HiKialayas, they present a grand illustration of atmospheric 
'Waste. Rising from the plains of India by successive ridges, 
the troughs separating these parallel ramparts are longitudinal 
valleys, while transverse valleys intersect the slopes with 
remarkable regularity, and the southerly spuia which run 
towards Cambodia and the Malayan Peninsula Eire channelled 
out by the streams which flow between them. The snow 
line of the Himalayas is about 15,500 feet on the south, 
19,600 feet on the north slope; glacier action, therefore, is 
intense in a region large part of which is a constant snow 
field, whose valleys, beyond the limit of the glaciers, are 
occupied by perennial streams, and are flooded at the same 
time that the monsoon brbigs rain over the plains of Bengal. 
When to this is added the fact that the westerly or south- 
westerly upper current of the atmosphere is, so to speak, 
tapped by the mountain range which fonas a natural boundary 
of the basin of the Indian Ocean, it is apparent that on 
this range are concentrated all the agents of atmospheric 
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waste^ and that thus, in a comparatively short time, and 
among rocks of considerable relative hardness, denudation 
has produced results comparable with those which, in 
more northern latitudes, required long ages for their elabora- 
tion. 

Our knowledge of the interior of Africa is not such as to 
enable us to speak with certainty of its mountain ranges. 
The grounds on which an east and west chain is believed to 
traverse Central Africa are, as Laughton sums them up, 
(1), the known high lands of Abyssinia; (2), the equatoiial 
mountains on the west coast, the Cameroons, and others seen 
stretching, peak after peak, into the interior; (3), the lofty 
mountains seen by Denham to the south of Bomu; (4), the 
intimate and singular relationship between the mount<ain 
flora of Abyssinia, of the Cameroons, and of Fernando Po. 
The Atlas, to the north of the Sahara, is parallel with the 
S.K chains of Europe, and its parallel ranges gradually 
ascend from Tripoli westwards, from 2000 to 13,000 feet, the 
summits being thus within the snow line. The Straits of 
Gibraltar are excavated through a noHhem spur which 
formerly closed the Mediterranean. The Abyssinian 
mountains are, in reality, a table-land of an average level of 
8000 feet, from which ridges project to more than 15,000 
feet above the sea, while the intervening valleys are of 
great depth, the gorge of Jitta being 3500 feet deep. The 
depressed plateau of S. Africa rises southwaixis, and, in 
the Cape district, the plateau is worn into mountain ranges 
which are pai*allel to each other, and which present gi^ada- 
tions of height up to 6000 feet. The kloofs or ravines 
v/hich cut into the successive tables, or karroos, are results 
of denudation of a kind curiously characteristic of all flat 
elevated lands. It is wi*ong to speak of the kan'oos as 
teiTaces; their surface is interrupted by outstanding low 
heights, denuded hillocks, which mark the rate of denudation. 
The kloofs are transverse water channels, which will gi-adually 
encroach on the kan'oo ground till only sharp ridges separate 
the ravines. A glance at the map of Livingstone's explora- 
tions shows that this kind of denudation extends into the 
lake region. 

Tho two halves of the New World agree iu "U^Vyivct^ y£x 
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common, a mouutoin i-ange the featui'os of which are gene- 
rally similar. The Bocky Mountains in If. Ameiica, tlie 
Andes in 8. America, ai* connected across the central 
district by an essentially volcanic region, boi-dering the 
Mexican Gulf. The heights of the princijMil peaks are 
varioualy stated, but the following are probably correct 
enough to give the general i-eUitiona of the summits. The 
Patagonian section ia of moderate height, not exceeding 
8000 feet, the height of the volcano Minchinmadiva. The 
Chilian division forms a single i-ange as far north as 30' 
lat, rising, at 41° lat., to 16,000 feet in the volcanic Villa 
Rica; Maipo is 17,660 feet; San Jose, 18,150; Tupungatu is 
■varioualy estimated at 22,000 and 15,000, probably in con- 
Bequence of confusion of names between it and Aconcagua, 
■which is 22,296 or 23,910 feet. The Bolivian section 
includes the double chain of the Andes, and the commence- 
ment of the spurs which once connected the main chain with 
the lower parallel ridge of tLe Coi'dillera Geral, but are now 
intersected by the tribut^es of the Madeira river. In this 
region the salinas, or salt deposits of the table-lands, are 
found. Tho sinuous ridge which passes eaatwai'da in 25° 
lat. S. is the commencement of the eastern great chain; the 
peaks are somewhat irregularly placed, being volcanic to a 
large extent; among them are Colorados, 12,406 feet; Cerro 
diPotosi, 16,000; Chorolqne, 17,000; Cochabamha, 17,000. 
The range which forma the proper eastern wall of the 
Titioaca valley commences southwai'ds with an average of 
15,000 feet, and rises to lUimani, 21,262 (24,200 of some 
writers), Sorata, 21,286, and sinks north-westwards to Vil- 
causta, 17,500 feet, whence the eastern lunge gradually 
disappears, being dismembered by the streams which form 
the head waters of the Amazon. The western ridge may be 
regai-ded as itself a double mass, of which the highest peaks 
are Gimlatciri, 22,000; Sahami, 19,450; Parinacota, 23,000; 
Arequipa, 20,300; Chuquibamba, 23,000. From the lati- 
tude of Cuzco northwards, the chain oontiniies of an average 
height, no greatly outstanding peaks ocetirring in this poi'- 
tion, which con-esponds to the ai-ea of meeting of the cold 
sontheni and warm northern oceanic enrrents, heavy foga 
hemg the obvious sign of their mixture. Northwards rise 
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diimboittzo, 21,450 feet; Cotopaxi, 18,880; Antisana, 
19,150; Cayambe, 20,140; Tohnia, 18,120.* 

5S. Axes of Elevation. — The details of the areas, of 
which the principal features have been summarily indicated, 
may be learned from special treatises. But from the sk(^tch 
that has been given it will be apparent that, to a very \iit'^(^ 
extent at least, atmospheric denudation has fashioned the 
surface of all countries. The somewhat cumbrous generalisa- 
tion has been put forward that the continents are older than 
the mountains; but this is only true for the mountains which 
have been raised into prominence by subterranean move- 
ments, since — ^if the theory which has been developed holds 
true — ^the mountains are for the most part fi*agments of older 
table-lands. The elevation of any region to such an extent 
as to determine the direction of its waters, may take place 
at any period subsequent to the appearance of the region as 
dry land; that elevation which gives to one portion the 
relative height held by convention to constitute a mountain, 
may either be continuous or effected by many successive 
movements, at longer or shorter intervals, and of variable 
intensity. 

The axis of a mountain chain which may have been formed 
by elevation corresponds theoretically, as it certainly does 
primarily, to the summit of the anticlinal ridge into which 
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its strata are bent. A represents two anticlines with inter- 
vening syncline; but, after long ages of denudation, the 
relative positions of these two mfty be reversed, and tlio 
bottom of the synclinal curve may come to form the top of 
the hill, the greater part of the anticlines on either side 
being worn away as in B. Ben Lawers represents such a 
condition, the strata dipping on each side towards the centre 
of the mountain, the top of the hill being the bottom of the 
geological trough. But a more striking illustration is offered 
by the Scuir of Eigg, as described and figured by A. Geikio. 

* Very few of the heights here given are accepted by all writers, 
the differences being due partly to defective knowledge, partly to 
inaccurate repetitiansir 
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Tho Scuir 13 a maaa of volcanic rock ■with vertical sides, 
which stimda on the summit of a hill; but it is in reality a 
lava flow which occupied the bed of a Btream, whose gravel 
is Btill found m place below the lava. The banks of tho 
stream have been worn away, the bed of the stream now 
terminates a conical hill, and the lava which once filled up 
the bottom of the valley now foima tlie apex of the hilL 

M. Elife de Beanmont belieied that by comparing the 
du-eotiona of monntain axes, and determining their parfllleX- 
ism, the dates of their elevation might be approximately 
determined. But subsequent fuller information led him, in 
1853, to modify hia viewa by the admission of several dates 
of elevation in the Pyi'enees, and this admission for a single 
chain is practically the adoption of the hypothesis of slow 
and successive movements. Sir Charles Lyell urges, in 
fevour of the slownoas, that even in such a case as the 
Pyrenees, where one of the movements took place between 
the cretaceous and tertiary deposits of the region, the cre- 
taceous bods were not necessarily the latest, nor the tertiary 
the earKest of their respective epochB, and that therefore a 
veiy Jong interval may have given time enough for a con- 
siderable amount of vertical movement. 

It is further to be remembered, that sntisfa.etory iipprosi- 
mations to the date of movements depend upon accarate 
identification of the deposits, and as these are becoming 
gradually more precise, our chronological arrangements are 
liable to important moiUlication. The j-e-exaiuination of tha 
Iiongmynd gave proof that the strata of which it is com- 
posed are Silurian, and that therefore the elevation was 
post-silurian, and the correction of one opinion founded on 
necessarily imperfect knowledge suggeste caution in the 
adoption of a view wliich implies that there is, in tha 
chemical phenomena underground, a i-egularity and period- 
icity which cannot be affirmed for lie chemical or mechanical 
phenomena by which the sui-face is affected. Thus, to taka 
the succession of volcanic outbursts in Biitain : the silurian 
strata are travei-sed by dykes, or injected masses of later 
date than the beds which they break up; but the contem- 
poraneous lava sheets, evidences of volcanic activity at tlie 
Burface of the eai-th diu'ing their deposit, are chieily found in 
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Wales, traps and ash entering largely into the stinicture of 
Snowdon. The old rod sandstone period witnessed many 
active volcanoes north of the Tweed; in the carboniferous 
period, volcanoes emitted lava and ashes at almost eveiy 
stage, but the locality was not always the same, and Prof. 
A. Creikie has very clearly set forth the alternate quiescence 
and activity of the various districts. During perniian times 
the outflows are abimdant, and volcanic vents referred to 
this period are found at some distance even from the nearest 
]x;miian strata. The mesozoic stmta were dei)osited in 
Britain during a period of quiescence, and the tertiaries of 
England are undistm-bed. In the middle of Scotland, which 
had been the chief seat of carboniferous volcanoes, there is 
no later development on any considerable scale; but in the 
west, from Antrim to the Faroe Islands, the miocene lavas 
were not merely poured out in enormous quantity, but have 
since undergone an astonishing amount of denudation — Mull 
and Eigg, for example, being isolated fragments of a trappean 
plateau, once probably well nigh continuous. To this period 
belong the latest volcanoes of Auvergne. In the succeeding 
times, the site of volcanic activity has been transfeiTed to the 
Mediterranean area, and to a zone which includes Hecla and 
Jan Meyen. So far, then, as it is possible to estimate with 
safety the relative length of different geological epochs, the 
intervals between these various developments of volcanic 
activity are unequal, and the phenomena are, for each 
period, limited in the area they occupy. If, therefore, there 
is reason to believe that elevatory movements and volcanic 
outbursts have, if not identical, at least closely similar 
causes; and if, as also seems probable, the subten-ancan cavi- 
ties in which volcanic products are generated are connected 
with each other, the irregular recurrence of the phenomena 
is not such as to justify any general statement regarding 
their results. Bearing in mind that this forms a difficulty in 
the way of explaining the in^egular occurrence of eiiiptions, as 
much as in the way of detennining the periods of subterranean 
movements, the belief in the separation from each other of 
these subten^anean reservoirs would still further complicate 
the question. For on that hypothesis we should be com- 
lX3lled to seek on the 5ii2face tlie cause of tlii^ d^\^lo\s\\\<iivti 
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of elevatory movementB in parallel directions at distant 
localities. And reference to tlie map of the world given by 
Darwin {Coral Eeefa) Bhoifs that at this present time move- 
ments in opposite directions take place in adjacent districts 
to the south of the equator, whi]e in the north also antagon- 
iBiii of the same kind occurs — Greenland descending while 
Diako is hoing elevated: the north of Scandinavia is slowly 
rising while the extreme south ia as surely sinking. 

63. Biver Valleys in England. — Professor Samsay, in 
bis investigation of the history of rivers, has given good 
I'CiiEon in support of the following as the course of events in 
a. England. The mesozoic period was brought to a close 
by B, general depression, during which the cretaceous rocka 
covered over unconformably the oolitic and all older stiata, 
abutting against the Welsh Silurians. (The three following 
sections are supposed to be seen by a spectator looking south). 

' ^~°"^'- ^>>•„„^»-"„^,».»'^■■ y '■ 

The movements which we know to nave fciken place during 
the early tertiary times in Central Europe, were associated 
Arith a tilting of the French and English areas, so that the 
Cretaceoiis beds dipped to the N.W., and thus a groove 
was formed, at the bottom of which a stream ran, with 
the Silurians for its westerly bank. The Severn, thus com- 
menced, continued thereafter t« flow in the same direction, 
but the atmosphere cut back the chalk in the escarjiment 
form now seen, and afterwards the cast of England was again 
tilted, BO that its incline sloped in the opposite direction. 
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Ufuntained tlieir (lircctioQ while the chnlk esMrfiment was 
gradnally eaten further back eastwaid, and thus tliey seem 
to cut througli a high gronnj, whereoa in reality tbo escarp- 
ment has recedtd past tleni. 

64. Forma of UomitainB. — The forms of mountains, their 
aspects, varied as they may api>ear, have very cloie relations 
to their Btnictnre and the influences to which they have been 
subjected. The flat Biimmits of the fragments of table-lands, 
aa Table Moontain, and the hilU of Saxon Switzerland, and 
of trappean plateaux, aa in Auvergne, ai-e similar, beainsie 
both consist of rocks laid down in horizontal strata wliicli 
retain their relative position. The smoothly rounded sum- 
mits of the hilla in S. Scotland, and the lower heights in 
N. Scotland, "Wales, Ireland, some parta of Centml Eiiropi^, 
and America, are due to the action of ice passing over ground 
which once formed a plane of marine denudation, and which 
still retoina the primitive relation of its parts, notwithstand- 
ing the denudation which its surface has undergone. Tlie 
wide, even curves of the gaps which intervene betweeii the 
heights, tell, in Brazil as in Europe, of the passage of 
ice through the strait, leaving a channel of synunetiioal 

The serrated ridges wliich give to many mountain mnssca 
their peculiar character, for which restlessness is the best es- 
pi-esaion, are due to the similarity of texture of the ranges, as 
much as to the length of time during which they have been 
exposed to denudation. The highly altered slates and schists 
* metamorphic districts weather unequally along the strike 
the strata, and thus give an iiTegularly rugged outline, 
ich, when large masses of unequal hardness alternate, 
omea exaggerated into the pointed peaks constituting the 
aiguilles of Alpine scenery. In a country the hills of which 
have in general the rounded smooth outlines of ice-worn 
summits, many of the lower heights may come to present, as 
in the Scottish Highlands, serrated summits; while the hills 
of B. Scotland, though exposed to atmospheric waste for an 
equal length of time, since the glacial epoch, very rarely lose 
their smoothness, their softer consistence permitting them to 
^ ither more evenly. The outlines of trapjiean plateaux 
last stage of disintegratioa are BinuiarVy Ta^^'iA,W'i. 
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the peats ai-e more sjinmeti-ical pyramids, Ihcir texture being 
uuiform on all sides. 

55. Clifib and Eacarpmenta. — Some hills, or ranges of 
higher ground, tenuinate not \>y slopes, but by ahriipt pio- 
cipitoua fiices. Tiieae ai-e apoken of commonly aa cliffB, 
the same term being applied to them 0:8 to the similar 
faces of rock which border a, coast line. It is, however, 
desirable to employ a different term for many of these 
inland features which are not due to marine denudation. 
Cliff and escarpment are the two terms which field geo- 
logists haye adopted, the cliff being the result of mavine 
action, the escarpment of atmospheiic waste. The base 
line of the sea-wom cliif is always horizontal, that of the 
escarpment may or may not be so. If both are composed of 
strata which undulat«, the sea which can work only along 
a horizontal plane, disregards the undulations; the atmo- 
sphere, which worka most rapidly along the lines of least 
resistance, makep a hard stratum tlie base of the steep face, 
and if the upper surface of that hard stratum imdulates, the 
base line of the steep face undulates also. The escarpments 
of the chalk and oolites in England illustrate the depftrture 
from the horizontal of the base line, and the undulations 
determined by a harder bed; sections, moreover, drawn in 
the chalk district by help of the Ordinance Survey maps, 
prove the base of an escarpment to be higher at one than its 
Biimmit at another point, an impossible relation in a sea-wom 
cliff, unless, subsequent to its formation, violent disturbances 
can be demonstrated. 

Without denying tte possibility of vertical precipices of 
great height occurring, their number must be very small. 
A river or the sea uadercuts its aiores, and thus would 
maintain, if no other action took place, constantly vertical 
faces; but the aides of a valley, and the cliffs along the coast, 
all elope either evenly, or by ledges which are determined 
by the relative hardness of the strata. Perpendicular faces 
very rarely haTO a greater height than the thickness of the 
stratum ia which they occur, and this form is very persis- 
tent; it is due to the jointing of the rock, or that ( Art. 36) 
■which leaves a vertical face after each successive landslip. 

Vcjy few clifi or escarpments are due to faults. Tha 
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steep face only rarely represents the mass of strata along 
the line of fracture, towering above the portion which has 
sunk down to a lower level. The fissure or line of i)arting 
between the two masses of rock seldom if ever gapes at tlie 
surfieuse, and if the movement of the two masses past each 
other left at the surface an inequality, atmospheric and 
marine denudation would in their turn stiive to smooth it 
down, so that tmless the feature were of recent develop- 
ment, it would not be recognisable. In the few cases in 
which the escarpment owes its origin to a fault, its face is 
parallel in direction to that of the fault, but it has receded 
to a distance proportioned to the time during which atmo- 
spheric denudation has been at work. Thus — 

Volcauio riatcau, 



Tolcaiiio PUtean. 




In this diagram, where "volcanic plateau" on the left side 
represents the general level of the coimtry formed by an 
approximately horizontal layer of trap rocks, which have 
sunk down from the higher level of "volcanic plateau" on 
the right, the face of this escarpment has receded from the 
line of xhe fault in the same way that the escaqDment of the 
chalk has receded from the margin of the Severn valley to 
its present position. 

56. Plateaux. — Bearing in mind that the plane of marine 
denudation is the starting point for all modifications of 
the surface of dry land, and further, that the extent to 
which the interior of continents is raised above the level 
of the sea varies in difierent regions, it is a necessary con- 
sequence that indications of the primitive plain should be 
met with at very different heights. Geographers have en- 
deavoured to establish a distinction between mountains 
and Mils, and have desired to modify the meanings of the 
popular teims, so that conventionally a mountain shall 
mean a more connected seiies of higher ground, such higher 
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ground having the form of cones or ridges, vnth. more or ]ess 
rapid slopes, while tills shall indicate more isolated groups 
of Bmaller relative height, and mostly consisting of detached 
conical forms. Obviously this distinction, though convement, 
is unscientific, since thei'e is not, in. the case of the features 
of the diy land, the same natural separation which fumiBhes 
the distinction between continents and islands. The writers 
refen'ed to lose sight of the gradual transition efl'ected by 
denudation processes from the primitive plateau, througli 
Lills and valleys, to the plain to which denudation tends 
to reduce all prominent features. As might be expected, 
parallel vagueness attaches to the classification of plateaus 
which are grouped accoi-ding to their heights; commencing 
with those of the first class, wliicli are more than 4000 feet 
above the level of the sea, we have in the ])rofile section of 
Asia {Studeiii'a Physical Atlas, Plate VIII., fig. 3), the 
Thibetan Plateau of about 15,000 feet; further to the north 
the Pamir Steppe of about 14^000 feet, and from these great 
elevations a series of low terraces leads down to tlie Arctic 
Ocean, the slope of the Siberian surface being gradual. To 
the south of the Himalayan Mountains the descent is more 
abrupt The plains of the Ganges have an nvei-age elevation 
of 250 feet, forming low grounds which circle round the 
northern extremity of the Deccan. The Mountains of Asia 
Minor, again, project from a plateau of about 5000 feet in 
elevation. The great sandy desert of Gobi is somewhat 
lower, while the Aralo-Caspian depression is in the midst of a 
plateau of about 2000 feet. In Europe (fig. 1) the Caucasian 
Isthmus, the Steppes which border the Black Sea, and the 
plains of the Danube form a gi-eat tract of low gi-ound, which 
is continuous with the AraJo-Caspian tract. But Europe 
presents less extensive continuous plains than we find in 
Asia, the hill surfaces being more extensive relatively to 
the horizontal area. Minor plateaux are recognizable in 
Hungary, in Korth Germany, in France, in Spain, and in 
the British Islanda, Ireland perhaps presents the largest 
continuous expanse of low gro\ind. Of Africa the Sahara 
is the best known plateau; to the south the central area is 
believed to be a table-land, inclining on all sides towards the 
middJe, constituting thus a shallow trough. In the extreme 
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Boutli, Tdble Mountain fui-nishes an ilhiatiutioii of the coii- 
striictjoti of a plateau .which may be afturwartls compiH'ed to 
the great desert of Weatem North Aiuurica. The tuMp- 
lands ■which occur between the eastern and western i>eiika 
of the Andes and the Rocky Mountains, the prairio§ in the 
idst of which the Mississippi flows, and the great similar 
Kts bordering the Ahulsoq and tho Riv^er Plate repeat 
"in the general features of other regions. But to mako 
I enumeration of plateaux complete, it is necessary to 
aitioa the submarine pLiins, of whicli one of the beet 
'b that surrounding the British Islands, and iudicat- 
; the 'western extent of Europe at no very distant date, 
r plains or terraces occur at various points of the octwi 
floor, as deterniiiied by Boundinga; and if our information 
regarding them wcro complete, wo should be enabled to 
tabulate a graduated series of diiferent levels from the lowest 
point of the ocean to tho summit of the Himalayas. Many 
of the erroneous ideas which prevail regarding these plateauK 
arise from the fact that sections are not commonly drawn on 
a " true scale," that is, one on which the horizontal and the 
vertical measurements ai'e on the same scale. If such a 
section were dmwn from the Himalayas across the Pacific 
to the Rocky Mountains, it would appear that the slope 
from the highest to the lowest points is a very gi-aduid one, 
and that our division of the slope into plateaux is somewhat 
arbitrary. 

57. Fltuns. — Plains (all into thi'ee natural groujs, ])lain.? 
of deposit, plains of denudation, and plains of volcanic 

&8. PlaiRB of Deposit are illustrated by the deltas of 
great rivers, and the alluvial flats which form tho coast line 
in many places. The deltas of gi-eat rivers are the deposits 
which have gradually filled up estuaries running into the 
mainland; their presence, therefore, in proof of a very con- 

I'derable antiquity of the river valley. The mode of forma- 
pn of such plains is very simple. A. river carrying down 
torn the higher grounds loose materials, and spreading these 
rer the bottom of its channel, gradually elevates its channel 
t that the banks at last overtop the level of the surroimding 
mntry, as in the case of the Po and other streams. Every 
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overflow leaves upon the adjacent coimtty a thin layer of 
silt, and tbiis gradually a plain is built up, tho stratification 
of which is tyijical in its regulai'ity. Even where, as in the 
livers of our own coiiutiy, the level of tho stream is not 
above that of tho suiTOunUing country, the alluvial plains 
are still built up hy a process which is esaentially the san^e; 
repeated floods, raising the Bti'eam surface to the level of or 
above ita banlcs, spread over the adjacent ground, and leave 
behind a deposit of water-worn detritus. One of the moat 
ancient of such, plains, which wc may call typical or normal, 
is Table Mountain, the strata of wliich are horizontal, the 
mountain being in fact the survivor of an enormous table- 
land, tlio rest of wLich has boon removed by denudation. 

69. Flanes of Denad&tioa are the result of marine action, 
aided in many cases fi-um time to time by other agents of 
■waste. The central plain of Ii'eland, the Sahara, the Cheshii-e 
plains, probably lai-ge paii of Ai-alo- Caspian plains, are 
illustwitions of tbis class. We have evidence that these 
now level surfaces were formerly covered by thick masses of 
strata, which have been entirely removed, and their approxi- 
mately level Buiface is to be regarded as a sign that, while 
Bubject«d to the denuding agent, they remained stationary 
for considerable periods of time. "When it is borne in mind 
that whether a plain is dtie to deposit or to denudation, it 
cannot be long exposed to the influence of the atmosphere 
without Biifiei-ing' denudation, it is evident that we have here 
again a very ill-defined line of distinction between these and 
the planes of marine denudation. If plains are elevated to 
considerable heights above the sea level, their waste would 
cai-ve tliem oiit into deep valleys, separating hills of various 
forms, and thus the difference of material becomes unimport- 
ant in comparison with the identity of the processes to 
which the materials ai* submitted. 

60. Plateaux of Voloanio Origin are small in extent, 
and few in number as compared with those already described. 
Eveiy volcanic region furnishes examples of sheets of vol- 
canic materia! evenly spread out, and giving to the landscape 
a characteristic aspect. In Central France, in Catalonia, in 
Uoith Ameiiea, we have volcanic plateaux which still retain 
lipoii their surfaces the irregutoiitics of the scoriaceoiis lava. 
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[n Britain we find, in many districts, fragments of such 
ancient plateaux; but they are either still covered by sedi- 
mentary strata accumulated upon them since their formation, 
or where these latter deposits have been removed, they may 
perhaps be more accurately regarded as plateaux of denudation. 

• 

.The importance of these plains from an economic point of 
view, or because of their influence on civilization, is very 
great. Sandy deserts are even more serious barriers to pro- 
gress than the intervention of deep and broad seas; and, 
even within the very limited area of Belgium, we find in 
the well-known colony of Gheel, a small population sur- 
rounded by the Campine, shut off from the other parts of 
the kingdom, and remaining in a state of primitive simplicity 
which it is difficult to parallel in Western Europe. The 
L«ndes of Gascogne illustrate the influence of a plain, the 
structure of whose soil renders it unfavourable to the health 
of the district; the sand of the Landes rests upon a hard 
cake formed of organic debris which has matted together 
the particles of the soil, and renders the surface liable to be 
converted by floods into a stagnant marsh. The removal of 
endemic disease from the district has been largely a result 
of the draining of this area, whereby a great addition has 
been made to the agricultural surface of France. The slow 
formation of a plain of deposit in the valley of the Granges, 
and, indeed, along various points of the Indian shore, which at 
different localities supported a thriving population, has con- 
vei-ted regions once populous and wealthy into an unhealthy 
deserb. The delta of the Ganges, stretching for 200 miles 
through Bengal, and forming the rich plains of Bengal, is 
made up of the anastomosing branches given off by the 
Gunges and the Brahmapootra, and between the streams are 
islands of alluvial mud of very various heights, and frequently 
shifting their places as they are worn away by floods from 
the land or the ocean side. On the islands which form the 
lower delta, a rich vegetation gives shelter to wild animals 
of all kinds, and the tiger has banished the inhabitants from 
some parts of a region where man had maintained a footing 
against the ravages of the flood. 

61. FonnatiQIl of Deltas. — ^The formation of deltas 
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requii-ea some little consideratioa. Tlie fii-at i-oquisite U 
tliat tlio miid-LeiiJ-mg atreani Bjinuld eiitei" the sea so slowly 
that the detritus ia not swept at once beyond the shore into 
deeper water, A tidal river with a rapid flow like the Tliamea 
is scoured out twice daily, and accuiuulationa are not peiv 
imtt«d to rest, far less to couaolidate. _A tidal stream, again, 
such aa the Clyde, where the estuary is long and narrow, and 
the slope of the bed not great, aOows a deposit of sediment 
which forms alluvial flat^ oq either side, and thus offers the 
transition from the ordinary mud banks of a nver to the 
delta properly so called. The commencement of a delta is 
at that point where the stream divides under the influence 
of slight obstacles, and its channels form a network embrac* 
ing alluvial patches elevated above the surface of tlie waters. 
These patches are not all at the Game level ; for just aa a 
single stream like the Fo may build up its banks above the 
surrounding countiy, the channck through a delta may bvuld 
themselves up so aa to foi'm conspicuous projections, not, 
however, permanent ; and Mr Perguson records that, within 
a very few years, the debris of a house which he had himself 
built has been covered to a depth of 30 feet, while on the 
new surface a village has arisen. By this alternate laying 
down and sweeping away, the general sur&ce is, on the whole, 
steadily raised, and at the same time the seaward pi-ogress of 
the tnangle continues. The name delta is borrowed Irom 
the Greek letter a, whoso figui-e that of the river accumula- 
tions repeats; but it must be noted that this form is not 
peculiar to river mouth deposits, sLuce, as the cone de dejec- 
tion, it ia the characteristic, fan-like pile of stones at the foot 
of a dry gulley, and the more flattened mass which the ravine 
lays down in the lake. Tho base of the triangle I'eaches the 
coast line, and then one of throe events takes place ; it 
pushes out seawards ; it becomes arrested, or the jiver carries 
its mouths outwai-ds without the rest of the delta pushing 
equally far. Tho seaward extension, possible only when 
coast currents are not strong enough to remove the sediment 
as it is brought down, ia espoeially noticeable in the Adriatic, 
where the Po and Adige are steadily building their alluvia 
seaward ; but the rate of advance has greatly increased 
within the last century, being accelerated by the meiius 
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taken to protect the plains of Lombardy from being flooded. 
The rivers are now confined within high artificial banks, and 
the additional speed thus conferred carries the sediments 
further outwards. The growth of the Rhone delta within 
historic times is well known. Towns once on the coast are 
now, after nine centuries, two leagues from the sea, and the 
successive sand bars, thrown up parallel to the coast by the 
south winds, aids a process the i*esidts of which are mado 
lasting by the infiltrated lime which gives solidity to the 
Ager laptdoaitSf the stony delta of the Khone. It may give 
an idea of the approximate horizontality of subaqueous 
deposits to state, that off the mouth of the Rhone the bottom 
slopes southwards at an angle of less than 1°, or 1 foot in 66. 

The arrest of the Nile delta at the present coast line is 
effected partly by the current which sets eastward alone: the 
^rican shore, Ld partly by the subsidence of the land 
which is still going on, and which permits the settlement of 
large parts of its sedimentary burden in the interior. The 
rapid descent of the sea bottom from 12 to 380 fathoms con- 
trasts with the slow slope of the Rhone silt, and shows that 
the arrest of the delta is not of recent commencement. 

The peculiar process by which the Mississippi terminates by 
mouths at the extremity of a long tongue of land, which 
spreads out like a bird's foot at the end, is the same as that 
by which it, like the Po and other rivers, builds up the levels 
of its banks. 

62. Steppes, etc. — ^The plains have received particular names, 
or rather the native names are adopted into English on account 
of the convenience of thus recalling their characteristic features. 
The plains of Europe present great diversity ; level or gently 
undulating, they are either grassy meadows or forest lands ; 
in winter they may be flooded, and in summer more or less 
swampy. The Steppes of Eastern Europe and Asia, already 
treeless in the time of Herodotus, as they now are, support 
for a brief season a coarse but often tolerably abundant 
vegetation; but summer and winter convert them alternately 
into utter deserts and trackless snow plains, thus making it 
only too easy to \mderstand how they have arrested civiliza- 
tion over an area of more than a million of square miles. 
The antiquity of these wastes is confirmed by Von Bar's 
23 ^ 
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observation, that the squirrels ■which thi-ong the ■woo^s to the 
north of the Steppes in Eussia are not found in the Crimean 
forests ; the separation of the two woodlands must, therefore, 
have been remote. T!ie Prairies of North America, the 
iterpart of the Steppes in the Old World, are great tra«ta 
ot rolling ground, mostly meadow, but, like the Steppes, 
destitute of treea. Bounded westward by the Rocky Moun- 
taina and the desert land at their base, the Prairies pass 
eastwards into the forest lands of the Appalachians and the 
Atlantic shores. Northwaiils towards the Arctic Ocean, and 
southwards to the Mexican Gulf, the waste occupies an area 
of 3,000,000 square miles, and in South America an area of 
nearly the same extent is divided between the Llanos of 
Venezuela, the Campos Goraca of Brazil, the Pampas, and, 
farther south, the deserts of Patagonia ; while, to complete 
the series of similar tracts, the deserts of Atacama, and the 
Salt J^ke region of North America, may be mentioned. A 
carefiil comparison of the conditions under which these 
■various regions are placed ■will show that to the dryness of 
the climate, to the long intervals between their rainfall, and 
in the extreme cases of the Sahara, Gobi, Atacama, and the 
like, to the total absence of rain, are their pecuhar aspects 
due. Everywhere do we find forests intermingled with the 
steppe lands, but the ti-eea follow tho coast lines, and pass 
into the interior only along the river courses. The full 
meaning of this generalisation will only be intelligible after 
a consideration of the Atmospheric Currents in a subsequent 
chapter. But the sharp limitation of the fowsta to the 
perennially moist areas is nowhere better illustrated than in 
America. Passing westwards fram Arkansas, in 35° to 3C° 
north latitude, the forests here and thei^e enclose patches of 
prairie land, which increase till the woods are only oases; 
the vegetation becomes resti'icted to buffalo grass, but in 
106° west longitude the forests again commence. In Sowth 
America tho selvas or forest lands of the Amazon are in the 
line of the easteriy ■winda, which blow from the Atlantic up 
the valley, the natwal moistiu-e of wliich ia thus enabled to 
supporii a greater vegetation. The increased dryness of 
regions in which, artificially or by accident, the timber has 
b^ destroyed, as in Madeii-a, since the begiiming of the 
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fifteenth century, when the forests were burnt; tlie disap- 
pearance of springs after the woods have been cut down; the 
refilling of the lakes in Venezuela while the Creoles, duiing 
their struggle for independence, neglected the cultivation of 
the sugar cane ; the formation of oases round the weUs bored 
in Algeria by the French, these and many other instances 
might be cited in support of the view that the amount of 
moisture is the condition on which the steppe or the forest 
depends. Forests cannot be made to grow unless the climate 
is favourable, still less can they be forced on the Russian 
Steppes, where for long ages no timber has grown, because 
the climatal conditions are entirely changed. That region, 
like the interior of Africa, Australia, Asia, has its winds 
dried before they reach the interior, and the rainfall is at a 
minimum. 

The Tundras or peat mosses of Siberia, and the heathy 
plains of Germany are usually grouped with the steppes; but 
the former, like the polders of Holland, the fens of England, 
are the result of a supply of moisture in excess of evapoi'a- 
tipn ; while the latter are separated from the steppes by the 
forests, and require a greater supply of moisture, or, at least, 
are less able to retain it than extensive woods. 
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63. Cjcle of Water. — Water ia the most important 
geological agent of wliicli we Lave knowledge. The forms in 
which it effects change upon the eurfac© of the eaith ore: 
1°. Atmospheric moiature, whether insenBible as vapour of 
water, or condensed into dew and rain, or, lastly, the con- 
densed moiature solidified into ice. 2°. Rivera above and 
below ground; and under thja heading come the glaciers, 
which, as moving rivers of ice, are denuding agenta of great 
importance in temperate regions. 3°. The ocean. 

It is difficult to say with which of these forms we ought 
to commence our investigation, for the the cycle is a con- 
tinuous one, by which water is cairied into the atmosphere 
and returns again to the ocean through the inteiiuediate 
Btagea of rain and rivera. 

64. Imperfeot Analogy of AqneouB and Atmoapherio 
Envelopes of Earth. — The endlesa movement of water stands 
in a somewhat peculiar relation to what, recalling M. Guyot's 
figure, may be called the other functions of the globe, and 
especially to that of the atmosphere. The currenla by which 
the waters of the ocean travel to and fro, maintaining the 

. biJance of distribution, are detcnnined by the winds, their 
I direction and velocity being likewise affected by the eai-th's 
I rotation; by evaporation, asaconsequenceofgreatlocalheat; 
' e tidal movement, and by the features of the coasts and 
oor. The atmospheric currents again ai-o variations of 
westerly winds, which form an ohliite spheroidal shell 
ig4 the eariji. blowing at the level of the sea in high la^r 
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tudes, at some distance above the earth at the equator, and 
this permanent movement is dependent on the earth's rota- 
tion. The parallelism usually taken for granted between 
the two fluids, air and water, which surround the earth, is 
therefore of the most imperfect kind, and coiild only be 
perfect if both elements formed spheres around a smooth 
globe which presented no projections, no features capable of 
causing deflections; and even then it would be further neces- 
sary that both fluids should present the same physical 
properties. 

66. Eflfects of Cycle of Water.— By the movement of the 
ocean, heat and cold are distributed over extensive regions 
with a regularity and moderation due to the slowness with 
which its temperature is altered. Evaporation not merely 
supplies the needful moisture for the support of animal and 
vegetable life, it tempers the atmospheric currents— regulates 
them, so to speak. Acting on the land on which it falls, 
rain and rivers distribute chemical substances over larger 
areas, and prevent them from being accumulated in one 
locality. They carry ofi*, slowly but surely, the materials 
which, spread over the ocean floor, are in their turn raised 
into dry land, and thus the subterranean movements are 
compensated. But these movements again owe their energy, 
at least frequently, to the presence of water. The circulation 
of water underground is a physical necessity of the broken 
condition of the strata, a necessity which results ih the for- 
mation of springs, but for whose presence many regions 
would be uninhabitable for plants and animals, while the 
percolation of water charged with chemical solutions allows 
the deposit, in fissures, of minerals of various kinds. But 
part of this water, in place of returning to the surface, gets 
access to the imdergroimd reservoirs, and either originates 
or hastens the volcanic phenomena which we speak of as 
violent, and whose results we term catastrophes, because we 
cannot rightly estimate their place and proportion among 
natural phenomena. 
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SECTION L 

Proportion of land to Water Surface—General Bektions of Ocentia 
— Deep Sea Soundings: How taken— Soundings iu Atlantiu; 
Mediterranean; Indian Ocean; Pacifiu — Form of the Ocean 
Floor — Deposits oa Ocean Fluor — Specifio Gravity and Contents 
o£ Water— Pressure of Water— Temperature of Ocean— Colour 
of tlie Water—Luminosity o£ tKe Sea. 

66. Proportion of Land to Water Surface: General 

Belationa of Oceana. — TLe ocean, as lias been stated, ia four 
times more extensive than tlie dry laud, and in tlie water 
Buriace of tLe globe must bo reckoned the area covered by 
rivers and lakes on the dry land. Paradoxical as it may 
Bound, the greatest wat«r area in a continent is toward the 
high grounda where the feeders of tho rivers are most 
numerous, tmiting successively aa they approach the low 
gi-ounda, so as ultimately to foim Btreams, which occupy a 
greater vertical and dimimshcd horizontal area. 

The oceans of the globe are the Pacific, the Atlantic, and 
the Indian, and thoso three are connected by the Bouthem 
cjrcumpolar ocean, their northern cireumpolar connection 
being very much smaller. These different oceans are further 
Eubdivitled into regions which, in general terras, coiTCspond 
with the prominent features of tho continents; thus the 
Atkntic Ocean is obviously divided into two basins, markod 
off by the constriction caused by the eastern projection of 
South America, and tho western projection of Africa. The 
Pacific Ocean has its northern and southern basins roughly 
marked off by the Polynesian Islands, while the Indian 
Ocean shows a less complete division into two by tho 
pyramidal niasa of southern India. The minor areas whieh 
are referred to as seas, gulfe, and bays, belong to two cate- 
gories : in the one case they are denudation valleys, in the 
other areas of subsidence. The German Ocean partakes of 
both characters, but it is pre-eminently an area of subsidence. 
The Bed Sea is a denudation valley. The narrow channels 
■which sqiarate Madagascar from Africa, and divide Celebes 
and Lomhok on the one side fi-om Borneo and Java, outliers 
of Asia on the other, thoi.igh doubtlesss to some extent valleys, 
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ore, by tlioir antiquity and comparative deptu, as well as by- 
the distinctness of the anlmola on either side, entitled to a 
[jrominont place, if tbey cannot be ranked aa co-ordinate 
with the great oceanic areas. 

The Pacific Ocean covera an area of about 90 mitlioiia of 
Bqnai'e milea, the Athintic occupies less than a third of that 
stulace, the Indian Ocean covers a somewhat smaller area 
than the Atlantic. The Antarctic Ocean, in which all these 
great basins converge, is very imperfectly known, and the 
smaller Arctic Ocean is also even yet the subject of discus- 
sion and inqiury. 

The Atlantic Ocean has in connection with it certain bays 
or recesses, more or less shut off from the general ocean space, 
and, in a few cases, entirely excluded from it. The North 
Sea is simply a bay of the old European continent, tho 
Straits of Dover being a recently focmed passage; the Baltic, 
with its branches, the G\df of Finland, and tho Gulf of 
Bothnia, is a valley which opens by a narrow channel into 
the North Sea; and from the Sti-aits of Gibraltar eastwai-ds a 
series of basins is defined, the first of which is bounded by the 
Italian Peninsula, Sicily, and Malta; the second, by the pro- 
longation of the line of tho Grecian Peninsula, to the east of 
which is the third ; these tlu-ee divisions of the Mediterranean 
likewise receiving lateral branches, siich as the Adriatic and 
Archipelago. TMs last named uhallow baein is connected 
mth the sea of Marmora, and that again ojwns into the Black 
Sea, from which the Sea of Azof is shut off by a narrow 
channel, while the Caspian Sea and the Soa of Aral are 
obviously basins which have become closed off from the 
Mediterranean. 

67. Deep Bea Soundings : How taken.— The soimdings 
conducted in recent yeara have given important information 
as to tho shape of the. ocean floor. The method of conduct- 
ing these observations deserves some attention. The simplest 
plan in still water is lo let drop from a boat, whoso poidtion 
can be fixed by the oara, and by reference to objects on tho 
land, a lino with a weight at its extremity, the weight having 
an "anning" of gi'Caae or other adhesive substance by which 
evidence is obtained that the lead hivi reached the bottom, 
ami what the character of the bottom is, Tho inventions of 
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Broolte and othera have resulted in instruments by whict a 
portion of the bottomia removed and brought up for examina- 
tion. The difficulties to be contended with, in sounding are 
the uncertainty, first, as to whether the lead (ouches the 
bottom; second, as to whether the amount of line let out is 
much in excess of the vertical depth; and third, ax to whether, 
Buppoaing his lead amks properly, the obaerver'a position has 
shifted dui-ing the descent of the lead. This last difficulty is 
felt at sea only where no fixed objects are visible, the hoar- 
jnga of which can act as a guide, the sinking of the lead from 
a boat (which ia, under certain circumstances, less liable to 
abift than, a ship) diminishing, not removing, the chance of 
error. Esperienced observers are, for the most part, con- 
scious of the contact of the lead with the bottom, or at leaat 
of a momentary change of speed in the line as it passes 
through the hand, even in very deep soundings; but currents 
may sway the line, so that it describes curves which greatly 
exaggerate the depth. !Nor does the absence of sand or other 
matters adherent to the arming prove that the weight has 
not touched ground; the " Hydra," " Bulldog," and other 
machines can scarcely come up empty if once they have 
touched soft boO. The record, " no bottom," on a chart, ia 
only negative evidence, showing that the observation ia 
imperfect, either because of the inexperience of the observer, 
or because cun-ents have drifted the line, or, where the 
cleanness of the arming has been relied on, because the lead 
baa touched hard and smooth bottom. Such records are 
especially untrustworthy when, as usually happens, they 
suggest enormous depths. 

68. Atlantic Soundings. ^The Atlantic Ocean has been 
carefully surveyed for the pnqiose of ascertaining the nature 
of the bottom on which it was proposed to lay the tele- 
graphic cable; and, more recently, part of the northern 
basin has been carefully sounded by the Porcupine and 
Lightning Expedition, while the Uniled States Coast Sur- 
vey has contributed most valuable obsei'vations regarding 
the western area, Tlie following analyses of the soundings 
across the N, Atlantic wilJ show the general contour rf that 
region. 
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Ssenoir between Labrador and the Orkney Islands, 

BY Iceland. 

Labrador. GreenlAnd. 

firsC Iion. W. W 46'— 43' 82* * 26'80' 28'3y 

\ -f % <^^ "%. 

2032 1572 117 203 

Iceland. Faroe. 

arsO'— le* 13'3y is* lO* «• fZV Orkney. 

•^ ^<?? N^ ^^ N^ '^ V 

682 850 209 184 683 

SEonoN FROM Ireland to Newfoundland. 

-Newfoundland 61* 44' 89' 82' 26"*30' 20' 19* 14* 

161 2385 2424 1550 2400 1575 210U 216 

Section between United States and France.' 

U. 8. Plateau, French Plateau. 

71'— 6r> 62* 49"'8y 4T ^25' VT W lO'-S' 

Maximum <> n*^ ^^ N^ % n^ 

240 1250 650 2760 1600 2510 107 Maximum 84 

In the northern section it appears that the curved line it 
follows traverses an undulating surface, the greatest depth of 
which is in 32° Ion. W. To the south, the greatest depth 
is between 39° and 44° W., while the traverse from France 
to the United States gives the maximum soundings, 2760 
fathoms, at 42° and 17°. A basin on the eastern side shows 
its greatest depth in 19° and 26° W.; but northwards the 
two basins are broken up by the banks of land forming the 
Faroes, Icelahd, and Greenland, the whole ocean in this region 
being generally shallower. Iceland is a prominent peak of 
a long ridge which separates the eastern and western basins 
as far south as 40° lat. N., and which is of nearly uniform 
height for the gi^eater part of its length. This feature of the 
sea floor is curiously parallel to the leading lines of heights 
on the American Continent, and if it should prove to be con- 
nected with the volcanic West Indian group, the relation would 
be one of great interest as increasing the number of meri- 
dional hwa.dk of disturbance connected by an eqv\».toml b^xid^ 
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Some inatruction as to the Atlantic depths may be ohtained 
from the subjoined section betweeo the Cape of Good Hope 
and England; but it must not be taken as truo for any other 
than one line of soundings. The undulations here shown are 
remarkable, the alternations of deeper and ahaUower succeed- 
ing each other with singular regularity. St. Helena separates 
two slopes of unequal but gentle inclination, that to the south 
being at the rate of 1 in 150, that to the north reaching 
2350 fathoms in 2° N. lat, that is, at a rate of 1 in 31i. K 
a line of 5 inches be drawn, this inclination would raise a 
line representing it ^ of an inch above the horizontal plane 
at one end, while, on the same scale, the slope between 2" 
and 37° N. lat, would scarcely cause an appreciable thicken- 
ing of the pencil line. The last slope from 2600 fathoms to 
the English coast slightly misrepresents the facts; for the 
line of 100 fathom soundings, the limit of the British plateau, 
extends so far south that the inclination from its siuface to 
the depth mentioned would be in reality about 1 in 15. The 
pi-incipal fact to be gathered from the above, and from othei 
incidental statements scattered through books, is, that the 
South Atlantic and North Atlantic basins have a line of 
masinium. depth which, in the latter area, biftircatea north- 
wards, and probably does so in the south likewise, but the 
results of the Challenger Expedition will give more aocurata 
iufoi-mation on this point. 
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To the three basins here shown a fourth should be added, 
the islands of Corsica and Sardinia dividing the deep trough 
between Spain and Italy. The Adriatic may at one time 
have equalled these two eastern depressions, but long ages of 
deposit from streams laden with Alpine detritus have con- 
verted that arm of the sea into a very shallow valley. 

70. Indian Ocean. — ^No continuous sections of the Indian 
Ocean are accessible, but the following will give a genenil 
idea of the form of the basin, or valleys of its eastern and 
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These two sections agree in representing the troughs as 
having their shortest slopes on the west, while their eastern 
shores terminate in submarine plateaux. That of Bombay 
runs out for over 100 miles before the depth of 100 fathoms 
is exceeded; while the Penang plateau has less than 70 
fathoms at the same distance from land. 

71. Pacific Ocean. — Of the Pacific there are no soundings 
sufficiently connected to furnish satisfactory tables, but it 
seems cei'tain that nowhere has a greater depth been found 
than 3000 fathoms; so far, therefore, as our present know* 
ledge goes, the oceans have a remarkable uniformity in their 
vertical measurements. Such observations as are reliable 
will be found in a subsequent section, under the heading 
" Temperature of Ocean," 

72. Form of the Ocean Floor. — It has been customary 
to speak of the sea bottom as the counterpart of the land as 
regards its contours, the assumed resemblance being a part 
of the notion already alluded to, that the ocean and the air 
were parallel in their relations. But it is now certain that 
this resemblance holds good only for moderate deijtha, "WhftTX 
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an eatuary widens, it retains the vitlley form which it once 
had OS a result of ita denudation when exposed as dry land. 
When we pass to depths exceeding 100 fathoma, the sea 
floor presents inequalities, but these are of a yery gentle kind ; 
no deep chasms, uo abrupt descents, but long undulations, 
and great areas the surface of wliich, when drawn en a true 
scale, entitles them to be regarded as plateaux, and to be 
compared with justice to that recent sea bed, the Sahara. It 
IB difficult to account for this in a satisfactory way. It is 
true that the sea bed, once the surface of dry land, has under- 
gone marine erosion as it sank, and that the process was 
repeated during the osclUations which preceded the final 
submergence of such an ocean floor aa tlwtt of the Atlantic. 
The plane of marine denudation tlius formed would, so far 
as known, undergo no subsequent change, since the move- 
ment of water at gixiat depths cannot be, and is as a matter 
of faet known not to be such as to produce any denudation, 
especially as it had no pebbles to carry along and use as 
grinding tools. Even granting the extreme power that has 
been claimed for the CiiJf Stream, this mass of water can 
only exert its power over a limited area, and ita effect would 
be to create those featui-es whose absence is so remarkable. 
It would be impossil)le to imagine a series of gidf streams, 
or similar currents, to have planed down the floor of all the 
great oceans; and it is nQnecessaiy, since the denudation 
during descent would account for much at least of the result 
The subject is a dificult one, but the explanation suggested 
is the best at present available. Tlie student must again he 
cautioned against forming his opinions fi-om sections in which 
the horizontal and vertical measurements are not on the same 
scale. 

73. Deposits on Ocean rioor.— Another assumption has 
also been disproved by recent research, namely, that the sea 
floor at a certain distance from land is bai'C and rooky. This 
has been found in a small number of cases; but the sea floor 
is almost uuivei-sally covered by a layer of fine materials, 
for the most part organic in their origin. The oaze of the 
Atlantic haa already been spoken of as a fine calcareous mud, 
representing the debris of animals covered with tests, and 
1 containing also the siliceous coses of other similar organisms. 
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TLe Indian Ocean and tho Pacific have yielded at their 
greatest depitha similar matcriale, tbougli in thu Bed Sea 
and Indian Ocean the sand blown from tLe deserts lius cou- 
tribnted inoi'ganic matter, and tlie a&hes of volcanoes, slowly 
BSttling, have famislied a. email amount of felspathic ingre- 
dients. Eot allowing for Buch admixtures, which would, of 
eonrse, be greater in proportion to the vicinity of land, recent 
observations bear out the generalisation that limestones, not 
consisting exclusively of coi-aJ, are formed in deep water, and 
that their horizontal area and vertical thickness are in thft 
dii%ct ratio of their distance from shore. 

74. Specific flravity and Contents of Water. — Perfectly 
pure water may be re^J^led as only an artificial compound, 
the normal condition of all known watei-B being to contain 
varying quantities of other chemical subatancea ; and we are 
justified in calling this normal, since on the admixture de- 
pends the iinpoi'tance of water in the physiology of the 
earth. The rain as it descends absorbs carbonic aeid gas and 
ammonia, in quantities varying with the season, being less in 
■winter when the decomposition of organic Bubstoncea ia 
least. Thus, on reaching tho earth, the water is prepared to 
act on the surface on which it falls, and to minister to vegC' 
tnble life by the nitrogenous matter it contuins. The water 
of rivera varies in composition according to the rocks over 
which it flows, and the amount of organic matter furnished 
to it by surface drainage. The Thames drains a region of 
which the chalk is a principal roek, and at Kingston the 
waters of the river are found to contain 19 grains of dis- 
solved matters per gallon. The substances which thus pass 
down, invisibly to the eye, are oai'bonates of lime and mag- 
nesia, Eulphat^ of liuie, ]K)tash, and soda, chlorides of sodium 
and pota.ssium, silica, and traces of alumina, iron, and phos- 
phates. Mr. Prestwich estimates tho total quantity of solid 
matter thus carried away in solution at 548,230 tons per 
annum. Of the 1502 tons which are thus daily carried past 
Kingston, carbonate of lime constitutes two-thiids, or about 
lOOO tons, sulphate of lime 238 tons. This estimate is apart 
from the solid matter, mineral or organic, which is held in 

B pension, and whiuh may be taken at 1 '68 gi-ains per gallon. 
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millioua of gallons) 300,000 Iba., or 13i tons in the twenty- 
four boura, lieing 48,910 tons in tho year. Thia example abovra 
the greater importance, from, a physiological point of view, 
of the invisible contents of water, and indicates the function 
of water as a distributor of fresh materials. But for thia 
Bource of supply, chemical equilibrium would tend to be 
reached; the new matter, however, maintains chemical action 
and all tlirae processes, organic and inorganic, which make 
up the life of the earth. In 100 parts of sea water 96-473 
are water, the remaindor salts, namely, chloride of sodium, 
magnesium, and potassium, bromide of sodium, sulphates of 
lime and magnesia. Carbonate of lime is not mentioned, 
its quantity being very minute, though in the immediate 
vicinity of a calcareous coa^t, as in the English channel. It 
forms '0057 parts per 100 of water. Tho reason cf the 
email proportion in sea water compared to that poured in. 
from land, is doubtless the i-apid using up of it by animals 
and plants, the ooi-al roofs and the more minute, but perhaps 
more important, crustaceans and shell fishes. Taking Biscbofs 
estimate that the Ubine at Bonn would supply with lime a 
mass of oyster shells covei'ing four square miles to a depth 
of a foot, it is obvious bow readily the lime must be removed 
from the sea at all points. The average proportion of chloride 
of sodium may be taken as between 2 and 3 pai-ts per 100; 
but the proportion b liable to increase or decrease, in the one 
case by evaporation, in the other by excess of fresh water. 
The Dead Sea illustnitcs the exti-eme of saltness, the Black 
Sea fumishea an example of a basin receiving a lai^ supply 
of fresh water. The following table gives the specific gravily 
of water at various localities : — 



Northem Ocean, 



Soathern Ocean, 
Under the Et[uatoi 
Korth Paoifio, . 
South Pacific, . 
ladimi Ocean, , 



I 1 02757 
{ 1 02G04 
Sl'02010 
(102676 
10277 
102543 
1 02053 
10263 



Meditcrranoan, 
Block Sea, . 
Bed Sea, , 



. 1-01413 
tNortli 1-03S7 
(South 1-0273 



These figures must not be taken as absolutely oon-ect; for 
l.in tho Pacific, as an inst^ce, the observations are few, an4 
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thongh the lower specific gravity in the north, as compared 
with the south, agrees generally with the observations in tlie 
Atlantic, the difference between the Atlantic and Pacific is 
not necessarily constant, the observations in the latter ocean 
being neither sufficiently numerous nor made far enough 
from the land to justify the generalisation that the waters of 
the Pacific have a lower specific gravity than those of the 
Atlantic. We must again look to the scientific explorations 
now in progress for the settlement of this difiiculty. That 
the specific gravity of the surface waters may be lower than 
that of deeper water, was first inferred from tho observa- 
tion of Edward Forbes, who explained the death of many 
specimens dredged up, by supposing them to have been killed 
by the fresher surface waters. Difierence of pressure had 
probably more to do with this phenomenon; but Buchan 
quotes Dr. Bankings observation, that the density of the 
water at the mouth of Loch Fyne sank from its normal 
1*0250 to 1-0210 after a heavy fall of rain, and in less 
than twenty-four hoiu^ regained its usual value. Apai-t 
from exceptional cases, where the sudden melting of great 
masses of ice has flooded the adjacent sea with fresh water, 
or a few constant phenomena, such as the influx of the fresh 
waters of the Amazon and Orinoco into the ocean, it may 
be remarked that the lagoon waters of some atolls, though 
they rise and faU with the tides, the sea filtering through 
the coral mass as through a sieve, are fresh; nor is this 
remarkable, since it is pointed out by Wilkes in his report 
of the United States Exploiiag Expedition, that the surging 
up and boiling over of a hot current, intercepted by a coral 
barrier, gives rise to almost constant precipitation of rain. 
The specific gravity of surface water has been found to be 
increased during the prevalence of high winds, an imexpected 
result, since the surface waters are warmer after a storm, 
their motion being converted into heat. The density of 
water below the surface is not uniform; ordinarily lighter 
water floats over denser, but the relation may be reversed if 
the lighter water is introduced as a swift stream; thus tho 
fresh water in some cases underflows the sea water in tidal 
rivers, and water of specific gravity 1*0265 has been found 
^t 73 fathoms, while above it the specific gravity was 1*0270, 
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Wyvllle TLomson found at 49° 12' N. lat., 12° 52' W. loag., 
tliat the density increased from 10272 at 50 fathoms to 
1-0277 at 800 fathoms; while at 54" 28' N. lat, 11° 44' W. 
Ion., the Hurface showed I'O280; the bottom (1435 fathoms) 
showed 1-0269; and at another point the difference was, 
Burfiice, 10280; bottom {664 fathoms), 1-0272, the evapoi-ar 
tion of the warmer aui-face increasing its density. 

Fresh water heated to the boiling point and allowed to 
oool, contracts as it cools down to 4''C. {39-2°F.); if the 
temperature is still further lowered, it again expands till it 
reaches O'C. {32°F.}, when it &eezea. But salt water thus 
treated does not attain its maximum density till ib Laa 
reached — 367°C. (25-4°F.), the freezing point of undia- 
turbed, — 2'25'C., that of disturbed sea water. While fresh 
water therefore expands under opposite extremes of heat and 
cold, salt water expands from its freezing point uniformly to 
its boUiug point 

76. Pressure of Water. — A column of water 35 feet in 
height is equal to a column of mercury 30 inches in height, 
and these two represent the pressure of a column of air fiva 
miles high, of equal density thi-oughout. At the depth of a 
mile, the pressure of the water equals that of 152 atmospheres, 
and its bulk is i-educed by y^ ; at greater depths the pressure 
increases, so that at twenty miles the reduction in vohime 
woiild be ^, But this acts injuriously only on compressible 
bodies; thus air is greatly reduced iu volume, but just 03 
animals on the dry land are not injured by the weight of 
the atmosphere, so the ocean pressure does not affect those 
animals whose bodies are supported inside by the same 
element as that which pi-esses on them oiitside ; the pressures 
being equal, the animal is in equilibrium. Thus anunala 

I are enabled to live at great depths, shell-fish having been 
brought up from more thaji 2000 fathoms, while the same 
Bjjeoies are found living also in very shallow water. But 
though uninjured by pi-essui-e its sudden i-emoval is fatal, 
since the animals from great depths i-eached the siu^ace dead 
or dying, just as man would be killed by passing through the 
upjier i-egions of the atuiosphei-e. 
76. Temperatare of the Ocean. — The waters of the ocean 
never aipk below -3'-5C. (24°F.), aui! ^-ei-y i-arely rise at 
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tbe surface above 34°C., this exceptional temperfttui'e being 
recorded near Aden. 

Water has tbe highest specific heat of any known substance; 
thus, if a pound of mercury and a pound of water are both 
raised 1°, it requires thirty-tliree times as much ]ieat to 
do this for the water as for the mercury, and if these are 
cooled 1°, the water sets free tliirty-three tim.e8 as much heat 
as the mercury. Tables Lave been constructed showing 
the specific heats of diffei-ent bodies. Taking the speciiio 
heat of water as 1000, that of mercury is 33, or, as i ' 
■written, water I'OOO, mercury 0*0333. 
' The following table ahowa the specific heat of equal 
of the most important substances, the determinations beiii|[ 
those of Kegnault, cited by Tyndall:" — 



1 

th ^1 
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Water, I'OOO 

Air, 0237 

Oxygen, 0*218 

Kitro^icn 0'214 

Hydrogen, 3'409 

Carbon, „ 0*2414 

Siauioiid 0*14G0 

" ' ..:. O-O052 74 

, , 0*0324 53 

Wtroa,- 0*1133 12 



Ldh], 0*0314 

MngaesiiUB, 0*2499 

Wsrcury 0*0333 

Potusiom 0*IG9a 

Silicon 01774 

Silver, 0*0570 100 

SodJom,. 0-2934 

Sulphur, native,. 0-1776 

Tin 0*0M2 

Zinc, 0*0955 



^H- Sin 

^^BJKbe relation of land and water as regai-ds heat, is su<^ fl 
^^Wfct it requires four times the heat to raise water to the 
wirae temperature as land; the quantity of heat therefore 
retained by the sea is greater than that retained by the 
land, hence the eea never rises so high nor sinks so low in 
temperature as does the laiid.'"' A glance at the above tablo 
shows that caJ^acity for heat does not mean conductivity, the 
molecular transfer ,by which each atom passes on the motion 
'to its neighbour 'being dependent on different conditions 
'from_ those of the specific heat. Water, though having tho 
highest specific heat, is , a vei-y bad conductor of heat, the 
i-aiaing of a mass of water to the same temporatm*o t!u*ongh- 
^lout being effected by convection, or the ti^ansfer of masses of 

^K • T^ntUU. JUal 03 a Mode of MqIIqu. aia?. \, M 

mi — iJ 
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heatsd water from pkeo to place, not the transfer of motion 
from atom, to atom. 

It will be appai-ent from what shall bo said hereafter 
regarding cun-ents, that no general statements can be made 
■which shaU pi-ofitably represent the general tenipei-ature of 
an ocean. The observations must be studied, map in hand, 
and for each pai'ticular ti-act that has been carefully explored, 
if it is desired to have a thorough knowledge of the surface 
variations. From what has been said, it will not be unex- 
pected that the surface temperature of the aea does not 
follow tjiat of the air in contact with it. To illusti'flte this, 
R table ia subjoined, exti-octed fi-om the deep sea Bonndings 
of the " Porcupine," The noonday observations have been 
taken for the month of June 1869, and they are arranged, 
not in chronological order, but according to degree of west 
longitude, between north latitudes 51° and 54" 30'. The 
npper of the two lines of figures represents the sea tempera- 
ture, the lower that of tlie air. All the temperatures ai-a 
contigiade. 



In 1870, Irminger gave tables showing the alternations of 
fltreaka of warmer and cooler water between Greenland and 
Fair Island. These eti-eoks vary in position and breadth, 
and represent the interlacement of the soutltem warmer 
and noi-tbern colder waters. The Atlantic explorera have 
ahowu that tho temperature of the sea sinks, but not 
uniformly, till a constant temperature of 0°C. (32°F.) is 
attained at great depths. But, ua will be more fully stated 
aftevwurds, this constant temperature is not everywhere 
obtained; for the warm watora may displftco the colder in 
the shallower parts, especially where channels exist between 
outstanding land masses, and the bottom temperature may 
thuB be that proper to a lower latitude, while in the some 
parallel of latitude very different bottom temperatures 
k<w-sxisl^ Captain Shortland'a observations of surface and 



TEMPEBATUBK OP THE OCEAS. 

bottom teraperaturcB in the Indian Oecan, between Bombay I 
and Aden,* may bo thus aiuamcd up; — 

On the Boubay PLiTKiu. 

Temperataro of Air. Dflplh, 

220'-24-7"G. H-51(nia. 

But the deptbs and temperatures are not regularly graduatedj 
thua tbe higbeat surface and bottom temperatures, 26'I° and 
25-8° respectively, correspond to a sounding in 45 fathom^ 
and the lowest are in the eballowcet water. Between Bom- 
bay and Aden, the mean temperature of 15 days between 
28t,Ii January and 12th Febntaiy 1868 was 24''C,, the eiir- 
fftce temperature 23-B°, and at 3170 fathoms 0-83''C. Captain 
Shortland considered that variations in siiiface temperature 
"were not appreciable at greater depths than 100 fathoms, and 
that the constant temperature might be said to begin at 1700 ^^ 
fiithonis. These results agree generally witb those of tho' ^^H 
Atlantic Expedition, from which it apjiears that solar vario- ^^H 
tioa does not produce raai'ked effects beyond 50 fathomi^ ^^H 
aJid the constant temperature begins about 1000 fathoms. ^^ 
The rate at which the temperature sinks is shown in the 
following series of observations, taken two miles north of tlie 
equator, in 23° 16' W, Ion., the temperature of the air being 

^Bpepth in fniB., 300 400 1000 SO'iO ^H 

^■^empcratura, 27'2''C. 6'44°C. B°C. 3 3°C'. ViJi"G. ^H 

A i-emarkable anomaly is presented by the MediteiTanean, 
in which the temperature sinks during 100 fathoms to an 
average of 13° 0. (555' F.), and this maybe taken as ihe 
mean temperature of the Mediterranean below 100 down 
even to 1500 fathoms. The Bed Sea ia even more completely 
land-locked than the Mediterranean, and its shores have a 
higher average tempei-ature. The bottom waters have a 
mean of Zl-S'C. {71°r.); now as the Bed Sea does not 
exceed 1700 fathoms in depth, its temperature is that of the 
water between 50 and 100 fathoms in the Indian Ocean. 
Solar radiation therefore, doubtless, has an important part , 

^^fal'iaisuig the temperature, and to achieve this great heat it ^h 
^HH * Jounial OeofpvpMcal Sonety, 1871, 'g. &&. ^^H 
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^V !s olivioua tliat the horizontal moTemoiits must bo very 

^H Mr Prestwidi haa ooUected and tabulated observations 
^Vln tha Atlantic and Paciiic wliicU ai'o Lere condensed, 
^^ the latitude but not tlio longitude of the stations being 

Tbuferatubes of Atlahtic. 

i/.t![tiaa 4r[r. eo'n. ms. viiii. is-au sa-ioa. ao'ss'S. 32'io'a. as'iSB. 
D«piii(ft,j 409S -■ ■■■ 



^^B Teufebatitkes of Pacific. 

^^KliBlitnda fil'SI'X. SS'52^. li'srs. fS2'S. D' 2 

^^■^rpth irt.) CT4I sauD iiei ism uooo' s 

r. 



m 



From tbe bottom temporatnreB a deduction of 2° or 3° has 
to be made for error due to preaaiu'B on unprotected instm- 
isienta, bnt tbese figures sbow tliat a mass of water of loT 
temperature cnisaea tbe equator, and in the Atlantic at least, 
tbo ooimeotion of tbe Arctic and Antarctic Oceana is pro- 
bably dua to tbe passage northwards of aoutbern cold waters; 
for, as will be explained in describing tbe N. Atlantic 
cmrenta, the Arctic cold waters pass to tlie west aide, and 
are separated from those of tho Bay of Biscay by a mass of 
■water warmer than either. The Arctic current enters tho 
Gulf of Mexico beneath tbe warm outflowing stream, but 
the bottom temperature 4-16''0. between Cuba and Yucatan 
must have a southern soui-ce. While tlie annual variations 
of temperature coase to be felt at about 100 fathoms, tbe 
daily variations do not probably extend beyond 10 fathoms; 
but the influence of currents, and of local and temporary 
disturbances due to configuration of the land, and to storma, 
forbids our acceptance of such generaliaationa from the com- 
paratively scanty data at our command. To the category of 
premature inductions must also bo referred tho couclusioa of 
M. Aim6, that the average temperature of the sea at a. dis. 
tance from bind is 18°0. (6if4>'P.), that of the air being 
18-32=C. {64-8'F.). 

77. Colour of the Water.— Tyndall has sbown tljat watsv 
(Uid afjucous vapour have the sume absoyiitivc power, and bo 
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regards thB blue colour of distnnt hills as deep in proportion 
to the aqueous vapour in tlie atmosphere. It is ulao a wi>ll 
known fact that the Llue colour of the sea is intenai! in jjropor- 
tion to ita aaltnesa, and that the fresh water lake of Uoiieva is 
of a very deep blue. Tho blue of the atmosphere, and of tho 
Lake of Genera, might bo capable of explanation by refi^i-enre 
to the fine parbicles of solid matt-er with which both wq 
charged, th^e particles reflecting the short blue wnvea of 
light most readily. But tho waters of tlie ojien oceu.ns do 
not contain these particles to tlin same amount, and in poEf^ 
ing from open sea to land, the bine gives place to grufn, ond 
that to greenish yellow ; while close to the shore, as the solid 
matters increase in quantity, the tint becomes thut chamc- 
toristic of the rocks or soil whence the fine detritus ia derived. 
The problem is not yet near a solution, and the obsei'vutionH 
must remain in seeming contniiliction till the key to their 
harmony shall Lave boeu found. Closely asBociated wilh 
colour ia the permeability of the sea to light. Though it 
cannot be supposed that the o])«n ocean contains as many 
suspended particles as a glacial lake, analogy would lead its 
to espect that it contained such particles perhaps even mora 
abundantly than the atmosphere. The density of the water, 
and this fine cloud, would together form an obstacle to tho 
passage of light, and there is reason to believe that tho 
actinic rays are aiTeated at a com])arative]y sboili distance 
beneath the surface. Nordenskiold found a sensitive plate 
unchanged after twelve houi-a' exposure at the bottom in 
79" 54' N. lat. amid luxin-iant seaweeds, the tempeiature of 
the bottom was 3°C. Plants, too, are not met with at greater 
depths than 200 fathoms, and as their power of liberating 
oxygen ia associated on laud with abundance of light, their 
paucity between 50 and 200 fathoms, and then abstnea 
beyond the lower limit has been held to fivonr the mow 
that light has very sparing access, if any, to the deeper 
_Traters. But Mr J. Y. Buchanan has ascertained that tea 
r»t«r has a very retentive grasp of carbon dioxide (caibonio 
sid), and this, mtbor than defect of light, may accoimt for 
e oarly disapiwarance of plant life. This question likewi&o 
raits fiirther investigation, and it is useless to siioculntc in 
» aibsenoe ofdatiu 
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78. Luminosity of tie Sea. — The so-called ptoaplioi-eacen^" 
of tlie sea lins given rise to ns niuch imaginative Hcientific att 
poetical wi-itiug. The tints ai-e uranium green, violet, lilac, 
crimsoa lake, rarely aaure, still more rarely white, and they 
appear as steady stars, as lambent light moving along the 
liodies of stai* fishes and other animals, or aa inteimittent 
flashes. Various microscopic bodies possess this property, 
the source of which is obscure, and equally so are the con- 
ditions on which its often fitful display depend. Probikbly 
variations in temperature, and stillness of the water, per- 
mitting or forbiddmg the approach of the minuter organisms 
to the surface are the most important; the phenomenon is 
well developed during magnetic storms. 
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Movement* of Water— Wavea — Tides — Tiilal Wave noi a Wave ^^ 
Tranalation — Progress of Tidal Movement — CurrentB: Streanw, 
Drifts, Indrau gilts, Equatorial Drift — finlt Stream and B". 
Atlantic Basin — Movcmonte beyond 46° N, Lat, : tlieir Cauao — 
Rennel's Cnrrcut — Mcditerrauoan Currents— Baltic — N. African 
CorrentB — Sargassa Sea of H. Atlantic— 8. Atlactio— Antarctio 

I Drift — Pacific Currenta — Pacific Equatorial Drift — Australiim 

I Currenta^Curronts of Indian Ocean — Hed Sea. 

79. Movements of Water. — If the globe were nniformly 
EuiTounded by a sphere of water subject to no external dis- 
tiu-bance, the water would move from west to cast with the 
velocity proper to each parallel of latituda Eiit this theo- 
i^ticftlly simple motion is disturbed by the projection of 
masses of land; by the tmeqnal temperatures of the oceans; 
' by the influence of steady or occasional winds; by the 
introduction of fresh water streams from the land; by 
Eubten-anean movements ; and by the influence of the 
sun and moon, to which 'are due the plienoniena of the 

). Waves.— Water acted on by the wind is heaped up to 
yeeward, the friction between the moving air and the water 
p/ijfD^ foi-ward the iiai-liclca oi ttie \b.\,\^i: Aji\ 'Jae^ w^v^)*sa 
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the limit of equiliLrium anil fall ovei", tlie ptenomenon beiug 
seen in ite simplest form-^where wind jaaaes over ilry sand. 
A continued wind gradudlly involves successively deeper 
layers in this forward movement, till finally a disturbance 
is created which survives for some time the existence of ita 
catise. Two different kinds of movement are unfortunately 
represented by the word wave, and these must be distin' 
guished, A wave is a pulsation or vibiivtion among the 
particles of a fluid; the particles tend apart and again return; 
there is no displacement in any escept a perpendicular plane. 
Water thrown into vibration, say by an impulse from below, 
starts upwards; and if the blow be violent enough, a portion 
springs into the air. If the force of the blow is not sufficient 
to overcome the cohesion of the liquid, the disrupting ten* 
dcncy of the vibration is masked, but it still flnds eompensa' 
tion in sinking as far below its original level as it hod been 
raised above it. A wave of water consists of two points 
of rarefaction and one of compression — the rarefaction points 
beiug at the crests of two pulses, the compression point at 
the lowest point of the intervening troiigh. PiUse is here 
used in the sense which it has in acoustics, but the sound- 
wave has its compression point at the apex of tlie pulse, its 
rai-efaction point in the interval between the two pulses. 
The length, then, of a wave is from crest to crest, the height 
from crest to trough. But it must not be imagined that 
there is no horizont.il movement; the particles of which the 
wave is composed revolve in circles, returning to the spot 
whence they started. The length and height of waves vary 
&om the slightest ripple to those in whose trough a large 
ship may be cradled, or whose crests are ao far apart that a 
long vessel lifted on the summit of one has its back broken. 
The circles in which the particles revolve are larger in pro- 
portion to the magnitude of the disturbance, or, in other 
words, to the disruptive tendency imparted to the pulse of 
water. Whatever tends to compi-esa the water diminishes 
the diameter of the vertical circles which the particles de- 
scribed; hence the depth to which wave motion is propagated 
d^ends on the amount of disturbance which, if slight, only 
"■ 'fttes and rarefies a small layer of water; if great, rarefies 
leker atuiittim. It follows fram W^t \\aa 'WcYi ?Ei!i,'Ooa\. 
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a. ooliimn of water, atai'fcing from a poaition of rest, descril 
a. Bcries of oaoillationa before returning to rest; the limit of 
oacillation is tlie diameter of the circle in ■which the indi- 
vidual particles revolve, and infinitely minute as the oscilla- 
tion may he, it oonfora tlie tendency to actual translation or 
fonvavd movement which was alluded to in the first lines of 
this pai'agraph. Tlie rai'efiod surface layer, carried forward 
by a wind strong enough to overcome its cohesion, esposes a 
freab surface to be rarefied by elevation, and tlius the wave 
and its oscillation become propagated downwards. The 
largest waves recorded are those whosg height was estimated 
at between 30 and 40 feet from trough to crest, hut masses 
of inferior size, whea arrested by an ohatacle, possess enor- 
mous force. The waves of British seas probably never 
ux--ecd 8 feet, even off the west coast. But this height may 
ba exceeded cloaa to shore, and a wall of water 8 or 10 feet 
lii^h, pushed over by the wind, strikes on the land with for- 
midable violence. The jn-essure on the square foot hna been 
calculated for the Atlantic breakers on the west coast of 
Scotland at 611 lbs. in summer, 308G lbs. in winter; and a 
preasare of about 6720 lbs. on the squai* foot was necessary 
for the ground swcH to cast its spray over the Bell Hook 
lighthouse, on the east of Scotland, the height of the tower 
being 119 feet. The gentlest wind ripples, and the -waves 
caused by other influences than the wind, are even curves of 
well-nigh aymmetiical form; the spectator may look towai-ds 
or look after the wave without seeing an appreciable difier- 
ence; but with the velocity of the wind the steepness of the 
Iseward face of the wave inci-easea, the front being a dark 
green cliff, the back of the wave a long curve of smooth blue 
or green water, a distinction well enforced by Euskin. 
"Waves whose crests are torn off by the wind, and which 
tumble over in foiim, are called breakers ; and these on fixed 
obstacles, as a river bar or fringing reef, maintain a constant 
IS of foam — the surf— which it is dangerous and sometimes 
impossible to pass. When a wave has broken on the shore 
I it rolls back, the slope of the beach increasing the fall of 
f what corresponds to the trough of a wave. In caves, the 
t wave dashed to the roof crushes out the air, and when it 
s sucks down what may be loose in the roof, thns tend- 
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Ji^ to produce tullers or blowlioles, opening vertical sIiafttf^^B 
Bome little way from the edge of the sea-cliffs. After a storm 
has subsided, the wind-driven waves with steep leeward faces 
disappear, and the agitation survives in projmrtion to the 
severilj ajid continuance of the storm. The ground-swcl), 
aa this residue of a stoim is called, testifies to the depth to 
■which the waves have been propagated, while its pressure 
euggesta the force of the previous motion. The ti-ansporting 
power of wavea on the shore, both in their forward move- 
ment and in their backdraught, is very remarkable. Blocks 
of flOi cubic feet (about 40 tons weight) have been canied 
5 feet; blocks of more than 200 tons have been turaed over 
and broken; masses of 20 tons have been canied 80 or ilO 
feet. Of course, these masses are of easier transport in 
water, but they are still remarkable proofs of the power of 
water. A more gentle but more important influence of 
wavea ia seen in the travelling of beachoSj tlie stones of 
which move forward according to the set of currents aiid 
wind-waves, become piled up against an obstacle, and often 
render vain any effort to check their progress. 

81. Tidea. — That the sun and moon are associated with 
the phenomena of the tides is well known; that the method 
in which these phenomena are produced is known doea not 
seem so certain. The discussion of the tides belongs pro- 
perly to astronomy, but it is necessary to indicate here tlie 
bearing of the pi-oblems it involves on the history of the 
earth. Twice every day the waters of the sea rise and fall, 
or flow and ebb, on the shores at high and low tides; the 
interval between high tides is 12J hours (nearly), so thut 
each successive tide is later than that before. Once eveiy 
month the difference between the level of high water and 
low water ia at a minimum, and the difference gradually 
increases till tlie level of high water is higher, of low water 
lower, than at any other time. These monthly minimum 
and maximum tides are neap and spring tides. Thoy corre- 
spond to, but do not coincide with, the positions of the sun 
and moon relatively to the earth. The attraction of the 
oon is greater on the particle,s of water immediately 
meath it than on the centre of the earth, still greater than 
I the surface partides on the Opposite eiie ot >iV6 W)."rt&. 
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Tlia BamB is true for tlie sun, but the more powerful attr 
tion of the sua is counterbalanced by its greater distance, and 
the tidal elevations due to moon and sun are in the ratio of 
5 : 2. Aa each planet forma a, tidal pTotu1]erj,nce on the side 
of the earth towards and away from it, so a correspond- 
ing flattening occurs midway between the protuberances. 
Sow the moon describes her apparent diurnal cii-cuit in 
about 25 hours, and the sun in 24 : the solar tides are there- 
fore at 12 hour intervals, the lunar at 12h. 24m. intervals; 
thus the solar tide will overtake the lunar. If, therefore, 
the attraction of both planets affects the same points, aa 
whea the sun and moon ai-e on the same or opposite aides of 
the earth, the pi-otuberances due to each will coincide, and 
the rise and fall of the tides will be at a maximitm; If the 
sun and moon are so placed that the long axes of tbo spho' 
Mida formed by their tidal protuberances are at right angles 
to each other, the solar protuberance will coincide with the 
lunar flattening, and the opposite influences reduce the differ- 
ence of tidal elevation to the minimum, giving neap tide. 
The height of the spring tides will obviously be afiected by 
the distance of sun and moon from the earth. Again, as the 
orbital planes of sun and moon are oblique to the equator, 
and aa the attraction of thesa bodies is on the point imme- 
diately beneath, the northern or southern declination of the 
eiin and moon will also affect the height of the tide at any 
point. But it must bo remembered that the sea thus raised 
and depi-eased is not a perfect sphere, but broken Tip by the 
land into irregidar spaces; that there is frictional resistance 
to the motion of the water, whose particles rub against each 
other and against the earth, and that the earth itself rotates. 
The tendency of sun and moon to produce the theoretical 
( tide is not fully realised. The tidal elevation does not coin- 
'^e with the pa.ssago of sun and moon across any point, 
neither does it represent the whole elevation due to one of 
the planets; but the joint heights of the two elevations give 
a miiximiim at a point inteniiediate between, them. Hence 
the length of the tidal wave varies as the two attractions 
approach or i-ecede from coincidence, the variatioa being 
as the priming and lagging of the tides. It ia 
yet/ ly friction, so that the R\iving tide, when the suu 
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a conjimotion or opposition, is later tiian 
or full moon liy an interval of more than 13 hours and It 
than 3 daya. This frictional resistance tends to retard 
rotatioo of the earth round its axis by 22 Heconda in a 
tiuy (Adams, Tait, and Thomson). This retardation, it is 
Bupposed, would in time reduce the earth to the condition of 
the moon, turning only one side towania it. On the de- 
creasing rotation of tho carti, Sir W. Tliomson rests his 
Bpeciilations as to tho former comlition and probable future 
of the earth, 

83. Tidal Wava not a, Wave of Translation. —Eeyeit- 
ing to the definition of a wave (Art. 7'J) as a puisation or 
Tibration of the particles of a fluid which tend apart and 
return to their previous relations, the tidal movement in tho 
open ocean fulfils this condition. The particles of the water 
are raised up and let down, just as the bits of paper rise 
and fall as the heated sealing wax is carried over tliem. The 
tidal wave is a superjleial s/tape of the water, and high and 
low water occur according as tho upper or lower portion of 
this elevation oociu^ on our coasts. But when wat«r is 
heaped up in any place in which it cannot freely resume its 
customary form, it is converted into a wave of translation, 
which either travels swiftly over shallow water, or passing 
through anaiTow channel forms a rapid current. The estimated 
rise of the tidal wave in open ocean, as in the Pacific, is 
about 2 feet, the observed socms to give a mean of about 9 
inches, and tho difference is due, it has been suggested, to a 
similar movement in the solid earth itseif, ftu hypothesis 
wMch muBt as yet be received with caution. But the observed 
height of the tidal rise on the shores of continents gi'Catly 
exceeds this amount, reaching its maximum in the Bay of 
Fundy, into which a mass of water 100 to 120 feet deep is 
potired. The Eore of the Sevora, the Hoogly, and other 
great rivei-s, is the tidal wave heaiied up in a naiTow passage 
and rushing foi-ward in a huge roller which bi-eaks into foam. 
Where long flatfi shoal the water for some distance, 
Solway, the tidal wave rushes forward with velocity as 
gi-eat bank of water, 

83. PiOgreSB of Tidal Moveiiieilt.^Tlie tides travel wil 
Tarioim sjicctl. In the 0]<cii ocean swiEUy, but 
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• aess witli leas speed and greater moss; and frictional Ef^^^l 

ance makes its effects veiy obvious on a chart elLowing^^^l 

co-tidal lines, retanlation being obvions on the cast ^^^^H 

tbu north Atlantic basin, and in the Atlantic, as a '^*f^^^| 

compared with the freer Indian Ocean. The increai^^^l 

velocity due to local circumstances is illustrated by tlie ^^^^| 

or bore of the Tsien-Tang in China, tbe titlid wave adva^^^H 

lip the laver for SO miles at the rate of 33 miles an l^^^| 

The strong streams through the Fentland Firth and ^^^^^| 

confined channels are examples of extreme velocity ; l^^^H 

is only in such cases as the cul-de-sat of the Bay of I^^^^B 

that the ebb tide can have any important power as a ^4^^| 

ing agent. The Atlantic and Indian Oceana, in which the fi|^|B 

e from south to north, evidently do not illustrate tW,1 

antipodal character of the tides, and in them the necessity 

is very clear for ascertaining accurately what is known aa 

the Eatabliahment of the Port. By this is meant the interval 

')Btwee]i the passage of the sun and moon across the meridian 

if the port and the occurrence of spring tide. This inteivai 

(■aties in every locality, and Hei'sohel urges the necessity for 

distinguishing with care between tho slack water, when tha 

tidal wave does not run in either direction, and tha time at 

which the tide ceases to rise or lall. 

84. Cuirente, Streame, Drifts, IndranghtB. — The move- 
ment of a body of water in a defijiita direction, whether tha 
direction and velocity are constant or liable to variation, 
constitutes a current, and by means of these an oceanic 
circidation is maintained, the heat of tropical, tho cold of 
polar regions being interchanged and distributed. Ourrenta 
are of very different magnitudes, and it is as difficult to 
classify them by size as by reference to their probable origin; 

I but in this and the following paragraphs it ia proposed to 
consider only tho great currents whose constancy and magni- 
tude render them as important from a climatal as from a 
nautical point of view. From what has been said of tho 
tidal wave, and from tho investigation of the causes of the 
gi-eat cuiTents, it will be easy for the student to understand 
the existence of the minor, local, and often extremely uncer- 
tain Gurronts, the enumeration of wMch belongs to thO 
j)rovinGS of Deacriptive Geography, ^^H 
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E^TJATORUL DRIFT. 

The tUacuHKion as to the origin of ciuTcuts Loa brougU' 
into prouimeuce two phrases; current imtl indraught; th« 
ionuer is used by those who ascribe the primary movemeni 
to the influence of prevailing winds, indraught being the 
opposite movement, by which equilibrium is reatoretl. Those 
■who trace the oceanic circulation to differences of temperatui-e 
legard all movementa as currents, and ui^ that a difference 
of speed is not sufBeient to dciiue an indi-aught. But no defi- 
nition by typical characters is here attempted, the terms ai'e 
Osed to indicate a difference of origin ; tbe primary current 
liaving its impulse impai-ted from without, the indraught 
being secondaiy to and depeuilent on the existence of the 
primary movement. 

Oiurents are tisually divided into drifts or the primary 
wind movements, and streams or modifications of the driftB 
eBected by features of the land or of the sea bottom; tita 
indraughts are Bupplenieutaiy to both.* 

65. Equatorial Drift. — The equatorial drift, commencing' 
eouth of the equator, off the west coaat of Africa, crosses tf* 
Atlantic, and, spreading out westward, splits on Cape Bt. 
Eoque, one branch passing southwards along the Brazil 
coast, the other following the land north-west towards the 
Oirihbean Sea. The St. Roque CuiTont has an average 
velocity of 30 to 40 miles a day, the speed of the equatorial 
drift being on an average 20 to 35 ; but before entering the 
Oaiibbean Sea, a speed of 80 miles may be attained. It 
follows the north-westerly bend of the coast, sweeps the 
waters of the Amazon and Orinoco along with it, and enters 
the Gulf of Mexico through the Straits of Yucatan. A pi 
of the cun'eut is an'eateJ by the Mosquito coaat, and fomi 
Ijackwater which sweeps eastward round tbe bay to reji 
the main stream off New Granada, The chief pait of the 
eun'ent spreads over the Mexican Gulf, and retm-ns towanla 
Cuba, wbei'e it is joined by a portion which clung to the 
Pubim coast, the xmited stream rushing thi-ougb the Straits 
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• In Hneaking of ocean enrrents, enstwarJ, westward, nortliward, 
md Boutliward are invariably nsed tu iadicate the diroc^oa in wUcli 
tbry move ; and tlie direction wlience the winds come ia iniiicateJ. 
by the ordinary tonna. But the stntlent must remember that in tbe 
language of oavigitioQ a nortJierly wind comes ftom tlia north, but (^ _ 
liort^ei^ ^(imajl: seta towitrdH tlfe north, I 
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of Florida as a great river of ■warm water 30 miles Iji^oad, 
2100 feet deep, and mth a surface Telocity of i miles an 
hour. The temperature of tha eqoatoml diift ia ZS^O., the 
initial temperatuve of the Gulf Stream 13 30°C., tlie difference 
representing the amount of heat received in the Mexican 
Gulf. In the equatorial region a bottom temperature of 
0°C. has been found constant, and in the Florida Sttaits a 
temperatmij of l-A'C. proves that cold water underhes the 

86. The Q-ulf Stieant and North Atlantic B^in.~The 
mass of waters flowing past Cuba meets Uie equatoi-ial drift, 
and is deflected northwards through the Straits of Bemini, 
following thereafter the curve of the coast as far as Cape 
Hatteras, and joining the eastward drift at the 40th parallel, 
its Telocity there being 30 miles a day. It is separated fi-om 
tiia land by a belt of water of varying breadth, but which 
gradually widens northward, and corresponds generally to 
the lino of deep soundingB. The eastern bouiidaiy is not 
well defined ; as on the west the cold wall forms a veiy 
sharp line of demarcation, and as, a little northward, cold 
orator lies in mass below the stream, it flows as a river in a 
channel bounded by water of lower temperature. Laughtou 
has pointed out that its surface is like that of a river conves; 
but the friction being greatest along tlie cold wall and least 
on the eastern side, tie summit of the convexity is close to 
the western side, just as at the bend of a river it is close to 
the bank against which it is thrown. It ia this easterly slope 
of its surface which prevents wreck from the West Indies 
from being stranded on tiie American coast; a fact otherwiEo 
inexplicable since surface movements in various directions 
has'e been recoided. The temperature of the stream is not 
nnifoi'm even in the early part of its course, for, in sections 
at right angles to its flow, the American Coast Survey has 
found alternate bands with a difference of 1' to 3''C. ; thus 
passing seaward from the cold wall, the maximum tem- 
perature of 27'8''C. prevails for 60 miles, for the next 
SO miles the temperature is 25-5°0. ; the high tempei-a- 
ture, 27-i''C. occupies the next 170 miles, and is succeeded 
by 25-5''C., then 27'4°0. The cooler liands correspond to 
tiie jjosition of deeper channels in the eea bed, parallel 
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to the coast, and contaming thicker masses of the polar 
current. 

87. HovementB beyond 45^ N. Lat.: their Cause. — 

Beyond 46** N. lat., the course of the stream has been made 
subject of dispute. According to the generally received 
opinion, it spreads over the Atlantic towards the European 
Bhores; a portion is deflected to the Gulf of Guinea, and 
rejoins the equatorial drift; the rest is traceable northwards 
between Iceland and Norway to Spitzbergcn, on whose 
shores West Indian fruits have been found, and it was even 
thought to reach the coast of Siberia. But while the presence 
of warmer water to the far north is admitted, its impulse by 
the Gulf Stream has been denied. That current has been 
declared to cease at about 45° N. lat., and the diffusion of 
warmer water, even though its speed between Scandinavia 
and Iceland has been calculated by Irminger at 1 J to 2 J 
miles a day, has been attributed to the influence of the anti- 
trades, or to the contraction of the polar seas by cold, and 
the expansion of the equatorial by heat, a slope thus being 
created down which the water flows. A good deal of dis- 
cussion has arisen from the claim put forward for one or 
other of these influences as the exolusive cause of motion, 
and our imperfect knowledge of the laws which regulate 
the movements of great masses of water, has necessitated 
the introduction into the controversy of a large amount of 
hypothesis. It seems, however, that gravitation alone does 
not supply the necessary force, any more than do the westerly 
winds, whose steadiness, however, is likely to accelerate a 
current which "holds its way" in a mass, having startecl 
with a high velocity. The Lightning and Porcupine Expe- 
ditions showed that the N. Atlantic has an upper stratum 
of warmer water overlying a deeper colder portion, and 
that this upper sti'atum has a tolerably uniform thickness 
of 800 fathoms between the Bay of Biscay and the Hebiides. 
But the warm water in certain localities reaches the bottom, 
the colder water being entirely excluded, and thus there 
may be in close proximity two columns of water of very 
unlike temperatures at corresponding depths. The rela- 
tions of temperature to depth in the warm and cold areas 
thus discovered^ are shown in the following cobioma, ■C\:Q\a 
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■whicli it appears tliat the temperature of 5°C. ia in the one 
case at leas than 200 fathoms from tlie Burface, in tho othei- 
at 567 fftthoma deeper. 
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-1* 500 „ S-a* 767 „ 

-1-2° 6*0 „ 

The existeace of this relation ia more stiititig when the lina 
of soundingB and temperatures in the Faroe Channel, i.e., 
between the Faroe Islands and the Shetlands, is tabulated. 

Latitude, G0° 14' 60=4' 59° 5G' 50^48' 59' 40' 59° M' 

Deptli (FathomB), 632 G05 3G3 445 190 155 

Surface, 11-rC. 11'4'' ll-i" 12' 121" Ui" 

"Bottom, -0-S'^C. -1-2° -O'S" -1' 9%' 9'5' 

Tho warmer water thus dams up the colder acroas the 
fiouthei-n end of the channel. But thia colder portion has 
7°C. lower temperature than water at the same depth in the 
Atlantic, while, on the other hand, it is nearly three degrees 
colder than the bottom water in the Bay of Biscay at 2435 
&thoms, Further, the bottom . temperatures off the Noi-- 
wegian coast are.e'S^O. in depths of 700 fathoms. This 
tmequal thickness of the warmer water is not compatible 
with a gravitation theory, according to which the cold water 
would be found always beneath the warm; nor, if convection 
{i.e., the distribution of heat by the transfer .'of masses of 
warm water) took a prominent place,' should we expect to find 
the distinction so mai'ked between adjacent columns of water, 
a distinction oompai-able to that of the. cold wall near the 
starting point of .the Gulf i Sti'eam. i . It appears, then, that 
there are two opposite movements,' that of tlie Gulf Stream^ 
lidding its course and tending .to the north-east, and that of 
Arctic current -tending more slowly southward. . But this is 
a very-slow movement, ' and the waterj lagging. behind the 
earth in' its rotation a^quii'es a south-westerly, direction, pass- 
ing towards' the American side, tliough a email portion moves 
' •wm-{}3 Scotlaqd, bccoriiiBg. niLted with' the warmer ivfttcc.^ 
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Stream enters a cul-de-sac in the nortli Atlantic and is ^^| 



; hence its comparative dq>tU whevi 
■were driven north by some impulse fi'om behind, it would 
thin away; hence, too, partly because there ia a reflux ffoia 
the point of obstruction, partly because of the eastward 
tendency of the mass, the waters of the Scandinavian coast 
h&VB a higher temperatui'e at all depths than is due to their 
latitude. While the course of the Arctic indrauglit to the 
BOutL-west is clear, the source of the cold water in the Bay 
of Biscay is more doubtful. The Arctic fauna ia carried 
down in the cold area into comparatively low latitudes; but as 
that area and the Bay of Biscay are separated by water never 
lower than 6''C., it is probable that the low bottom tempera- 
ture of the latter repregentfi a cold Antarctic indraught, a 
view^ supported by the continuously low temperatures already 
noted as crossing the equator. While the indi-aught from 
the north ia usually very slew, it acquii-es some velocity ' 
two placea, naJuely, in the deep channels along the east 
of Iceland, and Greenland. 

88. Labrador Cnrrent. — The Arctic indmught is joined 
by another, the Labi-ador stream, which forms the bulk of 
the water that skirts the Ameiican shore, maintains its 
lower tempcratm'e at the cold wall and enters the Mexican 
Gulf itself beneath the outHowing stream. On this last 
point counter statements have been made; it is ab all events 
certain, that the cold water passes iinderneath the wanu and 
riaea towai-ds the surface on the eaatern side of tlie stream, 
so that the intliience of the northern waters ia felt in the 
equatorial area. The velocity of the coast cuneut ia small, 
its maximum is 15 miles a day, and south of Gape Hatteraa it 
is dower, its movement being aometimea I'eversed, probably 
in consequence of the friction of the Gulf Sti-eam teaiing off 
a part of the water, aa the an' column in the Odorator boa 
its top torn off by the horinontal current. 

89. Rennel's Current. — ^The tomewliat variable Eenne" 
curi'ent ia a drift which, coinciding with the eastwai-d move^ , 
juent of the Gulf Sti-eam, hoa ita force and extent modifieAi 
by the strength and continuance of the westerly winds. 
drift impinging on Cape Finiateifc ia tiiraod northward, 
finally ia lost m the ocean, whither it ia divevted yrestward^ 
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from TTBhanfc. The importance of this ciureat lies in ita 
power to drive ships aa faJ" out of their reckoning as the 
Bcilly Isles, wlieii seeking to mate the English Channel. 

90. Mediterranean Currents. — The Gibraltar cmTeufc, 
■which at the Straits attains a. velocity of even as mnch as 8l) 
miles a day, resembles the Gulf Stream itself, and the sti'eam 
tiirotigli Dover's Straits, in that it is a body of water whose 
velocity gradually increases towards the apex of the funnel 
formed ty the convergent trends of the Spanish and African 
ooaats. Within the Mediterranean the velocity diminiBhes, 
but a cuiTcnt may be detected along the south shores turning 
northwards along the Asiatic coast, the drift eastwards being 
maintained by westerly and north-westerly winds. The 
existence of a steady tmder current of outflow throiigh the 
Straits is a matter of dispute, Dr. Carpenter affirming its 
constancy, while others regard his obsenrations as too few to 
warrant that conclusion. It must further be added that the 
Giibraltar cun-ent has itself been regarded as mainly due to 
the conversion of the tidal movement into a wave of tmnsla- 
tion, thus explaining the frequent reversal of ita direction, 
and rendering lumecessary the complicated hypotheses as to 
■the replacement of water lost by evaporation. The existence 
of an inward current at 20 fathoms depth, from the ^gean 
into the Black Sea, seems to be established by the Hydro- 
graphical Survey, tlie surface current setting outwards at a 
Kite of about 25 miles daily. Carpenter assigns the under 
oarrent to the eflort to restore equUibrium in the Black Sea, 
by pouring in salt water of higher specific gi^avity to replace 
what flows out at the suiface. Spratt asserts that there is 
no movement at 20 fathoms, and that the surface current is 
re'veiaed in winter when the rivers are low, the removal of 
salt water thus taking place at one season, and being com- 
pensated at another. 

91. Baltic Currents. — A smfaco outflow and an inflow- 
ing under cuiTent have been affirmed on theoi'ctical grounds 
to exist, and Meyer of Kiel gives evidence in favour of their 
existence. There is a gi'eat influx of fresh ■water into the 
Baltic from the adjacent land, and Carpenter aasigua to this 
an elevation of the surface, and consequent Sow-ofi', the under 
cuiTent restoring the equilibrium between the watei-s on 
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Hide of the stj^it. Both the explanation and the ^^^ 
existence of these Baltic movements have been doubted, and 
in the meantime it caa onl j be said tlmt the agency, appealed 
to by Cai'penter, may operate along with the impulse of the 
Gulf Stream as it flows back from the Arctic Sea in which its 
prt^resa has been arreated, but that it cannot yet be regarded 
83 8iiiE.cient to produce all the phenomena, even eupjioaing 
the movements to bo accurately known. 

93. N. African Cuirent.^ — The N. African current is a 
large tody of water which clings to the coast, and, as the 
Guinea current, rejoins the equatorial current. 

93. Sargasso Sea. — The drifts and atreama now mentioned 
leave in the centre of the ocean an area of comparatively 
little movement, in which, as in a dead water, a vast amoiuit 
of Sargasso (Sargai;o) or gulf weed, accumulates and forma 
a mass sometimes 60 fathoms deep. The locality and limita 
of this sen are variable, its average position being between 
20° and 30" N. lat., and between 30° and 60" Ion. W. 

94- S. AtlantiO Basin. — The Brazilian cuii-cnt, already 
mentioned, has an avei-age speed of 15 miles, and, after 
receiving the Plato river, merges in the connecting current, 
which is a portion of the great eastward diift in the Antarctic 
Ocean. The cold water from the south enters the S. Atlantic 
Ocean more centiully than the corresponding supply to the 
N. Atlantic; the summer isothermal lino of (GOT.) 16-5°0., 
i«aching to 18" lat. 3., while that of the uoi-them basin doea 
not descend below 35° H". lat. In our ignorance of Antarctio 
geography, it is impossible to say what may be the influences 
which give to the easterly drift its i>owerfnl Jiorthwai-ds 
tendency in the Atlantic. But the southei-s which blow at 

^- Cape Horn, and the icebergs which ti-avel uorthwai-d, 

r ^suggest the esiatenoe of currents which help to carry the 

' eastward drift te the north. 

Htilai 95. Antarctic Drift. — The southern ch-cumpolai- sea may 
oe regarded, as has been mentioned (Art. 65), as a single 

I** wnniiu' ocean, of which the Antarctic drift is the piincipal 
_ Jievement, and when we find that the current which sets 

' ^' TUto the South Atlantic rotmd Capo Horn is derived eaelu- 

^ _Bively from this Antai-ctic drift, we may say that the Atlantio 
'basin derives no appi-eciuble contribution tcom ^tt ^asa^i 
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^H area; but the connection of tlio Atlantic with the T»(lTlfflf-^ 
^H Ocean, and of the latter again with the Pacific, is mora 
^H direct and obvious, none of the continental landa projecting 
^^1 into the Southern Ocean to the same extent as does the 
^^K southern extremity of South Ameiica. The arch which the 
^^M Bouthem connecting current describes across the Atlantic, 
^^B extends as has been said to about 15" south latitude, and 
^H returns towai-ds the Cape of Good Hope, passing along the 
^H coast round the Cape Into the Indian Ocean. One portion 
^H of it, however, turns to the north, and runs parallel with, but 
^^1 in the opposite directiou to, the Guinea current, forming, in 
^^B ^t, the first part of tbe equatorial di-ift, and having a tem- 
^^1 perature nearly 7°C. lower than that of the Guinea current. 
^^m The equatorial current haa thiis a northern and a southern 
^^M source of supply, which converge westwaixls, but leave to the 
^H east a triangular space which is closed bjthe Giunea current, 
^H In this space, which corresponds in position to the Doldrums, 
^^m a. counter cuiTent seta eastwards with considerable velocity. 
^^1 A Bpaee is again circumscribed by the south, connecting the 
^^M equatoiial and the Brazil currents, which has neither the 
^^M extent, comparative fixity, nor sea weed of the Sargasso area, 
^^M of which it is the southern countei'part, 
^^P This drift, in the main eastward, though its direction 

varies a few points at various places, has a steadier set the 
farther north it is followed into nioi-e temperate regions. 
The variations southwards are due possibly to iiTegularities 
of the Antarctic coast line, whose form is, however, unknown; 
and, without doubt, the large quantity of fresh water pouring 
from the great ice cap during summer must have consider- 
able influence. 

193. Antarctic Drift: Pacific — This gi-eat eastward move- 
ment, which has an average speed of 10 to IG miles a day, ia 
afiected by the two land pyramids, South America and Aus- 
tralia. Near Cape Horn it divides, one portion entering the 
South Atlantic Basin, the other, which may in strictness be 
regarded as a backwater, running up the western side of tha 
continent. This mass has a very extensive surface, tha 
landward portion being known as Humboldt's, or the 
Peruvian Cold Current, the western portion as Mentor's. 
Hie mam body of w^ter runs northwardj and is tumej, 
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the west partly by the projection of the Pemvian ^^B 



I the west partly by the projection of the Pemvian 
eoafit, partly by contact with the dead water which filk 
the indented coast line of Centi'al America. Tliua the 
Ronthem tiource of the Pacific equatorial ciurent is, iia 
in the Athintic, derived from the colder waters of the 
Antarctic regions. The northern source is derived from the 
ctin-ent which follows the coast of North Ameiica, and whOBO 
westward deflection, aided by the north-east trades, is prim- 
arily determined by contact with the tropical dead water. 
Between the two roots a space is left in which an equatorial 
counter current sets eastward, and, aa in the Atlantic, ia in 
effect a backwater formed by the two. 

97. Paciflo Equatorial Drift,^ — The equatorial current 
illustrates the homomorphisin of Eastern Asia and Eastern 
America. To the north of Torres Straits it is deflected 
northwards, ajid following the curve of the land to the out- 
Bide of the Philippine Islands, runs up as the JapaucNe coaetl 
current as far as Behring's Straits. This body of water nf 
the counter part of the Gulf Stream, being like it, waim^' 
blue, and salt ; but its velocity is less, since it is not acceletv 
ated bj being confined within a basin lite the Mexican GulC 
Part of the stream passes through Behring's Straits, and, 
whUe the major part continues eastwai'ds, carrying warm 
water along the north shores of America till it finally merges, 
in Davis Straits, in the Arctic currents of the Atlantic, a. 
small portion tttms to the west, and may maintain open 
channels in the ice, but its infiuence must be small since, as 
bos been well pointed out, it affects only feebly tlie freezing 
of the water in Norton's Sound. The socond branch of the 
current crosses to the American shoroa, and, aided by the 
north and north-west winds, follows the Californian coast to 
complete the circle by joining the equatorial cun-ent. Of 
the great area which lies within this circle little is known 
there is no positive information as to whether the Sargas 
Sea lias an eqiuvalent in it. 

98- Australian Currenta, — As t)ie Auetifllian continent 
a diminished representative of the South American, African, 
and Indian land pyramids, the currents on its shores corr*- 
pmd to those of the African and American apices, especiallf 
|,1iie fbnser, which likewise projecta into the A^tarctis- 
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ckift, and naa a land mass to the eastward- The di-ift, 
rushing past the aouth shoi-es of Australia with a velocity 
increased by the steady westerly and south-westerly winda 
of high latitudes, turns northward between Australia and 
New Zealand, and at times has a speed of 100 milea a day. 
It runs in a trongh between two southward currenla, the 
principal one being that wbich skirts the south-east coast of 
Australia with a considerable velocity, the number and mag- 
nitude of the return currents or backwaters along the coast 
being in proportion to its speed, friction having the greater 
influence, according to the cricketing rule which Iiaughton 
qnotea very happily, " a slow ball must be played, it will not 
play itself" The meaning of this rule, which is well worth 
bearing in mind, is that, whereas holding the bat still at the 
proper angle will send a swift ball where it may be desired, 
a slow ball strildng on a steady bat will be stopped j to send 
it, therefore, in any direction, it must be struck. The side 
cuaTOnts in the Australian channel are portions of the equa- 
torial di-ift which have been deflected southwards by the 
Polynesian Islands, the speed being increased by passing 
through the narrow straits between them, 

99. Currents of Indian Ocean. — The cnn-ents in the 
Indian Ocean illustrate the important influence of dominant 
tvinds on the movements of the ocean. The Monsoons of 
the northern part of the ocean are reflected ill the changing 
direction of the cntTenta on either side of the Indian Penin- 
Bula. The south-east trades maintain a westward movement 
whose limits shift to north and south with the trades, and 
which corresponds to the equatorial currents in other seaa. 
This current turns to the south at Madagascar, and reaches 
the Ajrican coast as a I'apid stream, a small part of which 
enters the Atlantic, while the great bulk tunia eastwards 
with the Antarctic driit, and again runs northward along 
the Australian coast, thus completing a circle and circum- 
eoribing a deadwater. In winter the waters of the Mozambique 
Channel are partly diuwn out in front, partly driven from 
behind by the nortJierly wind, and join the southward Btream 
with a high velocity. But when the wind blows up the 
channel to the north, and when at the same time the westerly 
drift i-eaches to the eqi!;itor, and is turned southwai'ds as it 
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approacHes Africa, the waters of the channel aro drawn in 
two directions, and the currents in it hccomo iinccrtain. 
Laughton suggests that the constant southward movonient 
should be called the Natal cun-ent, and that Mozambique 
current should be restricted to the vaiiablo movements in the 
channel which he has shown have been mistaken for a pai-t 
of the Natal stream. 

100. Bed Sea. — ^The waters of the Ked Sea move southwards 
during summer, and join the eastward current in tlie Arabian 
Sea, the outflow being (from June to September) at the rate 
of 40 miles a day. This outflow occurs at the i)eriod when, 
if excess of heat alone determines movement, an inflow sliould 
take place. It is during winter that an inward current sets 
through the Straits of Babel Mandeb, tliougli probaljly an 
indraught passes the Straits durin<^ most of tlio yciir to 
replace the excessive loss by evaporation. 







The water wliicli is removed by eTaiwi-ation. from the ocean 
IB restorecl to it directly by pi-ecipitation fi-om tiie clouds, 
and indirectly by tlie Btreams which drain the land. But 
the water surface thus distributed over the land is iteelf an. 
I Area of evajioration, and oven the ice and snow of polar 
legions contribute to the atmospheric moisture. Thus the 
TRUiiali on land is derived iroia the land as well as fi-om the 
eeaj that on the sea is in turn a direct or an indirect restora- 
tion of water that has been withdrawn from it. But whereas 
the rain reaches the earth comparatively pure, or at least 
bringing down matters which have been raised for a short 
diatanoe aljove the earth, the river enters the sea heavily 
laden. It carries matters soluble and insoluble; chemically 
dissolved and mechaniciiUy suspended; and these are distri- 
buted by the movements of the oc*an. The insoluble por- 
tions ore laid down under the influence of gravitation; the 
soluble are bo tliffused that the waters of the ocean have an 
average composition everywhere except close to land. It is 
most important to the geographer to know the power of 
rivers as agents of waste — to leara what they actually do. 
Fi-om exact data man can calculate his power to avert the 
disaatera wrought by an element as remorseless as fire; or, if 
that is beyond his power, to mitigate the effects of tlie 
leJamity. He can guess approximately the time required t» 
Tect certain changes on the earth, and thence foretell the 
completion of otlier changes, whether these be the wearing 
away of a continent to the level of the sea, or the final 
closure of a river presently navigable. The annals of the 
human race are not written in sand, but part of the record is 
lifeuilt in the alluvium of the Nile; and histoiy repays the 
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oUigation by fixing witt certainty the dates at wliiuli thi 
action of rivers closed the prosperity of a region by destroy* 
ing its ports, and thus furnishing a Rtaudard by which to1 
measure the rate of geological chnnge. ' 

The detailed anatomy of rivers, above and below ground, 
is essential to oiir appreciation of the history of nationa. 
Whether rivers are navigable or not; whether they ojjen into 
seas, of which the currents or the prevailing winds offered 
obstacles not easily overcome by uncivilized niftn; wJiether 
the underground streams reach the surface as potable springs, 
or remain below ground till man has acquired the know- 
ledge, the skill, and the means to render them available; on 
that depends the early or late development of the inhalutimta 
of a country. These determine whether a country shall con- 
tribute to human progress, or remain unprofitable till tliat 
remote time when men, crowded out of the more prodwutive 
regions, shall be foreed to enter into a struggle with unfavour- 
able conditions. 
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SECTION I,— KIVERa. 



iplerity of Elvers — Drainage Area or Waterehed, Waterparting 
— Qunquaversal Watershed, liow formed — Rivera nutting 
acroas Mountain Chains — Antiquity of Britiah Hiver Valleys — 
Shifting of River Couraes, and Return to the Original Channel — 
Permonent Changes of Couroe due to Movements of Elevation — 
DirectwD of Rivers altered by Diaturbanoa of the Earth's Crust 
— Sources of Rivera — Motiona and Form of Stream — Floods: 
Flood Waves— Speed of Rivers — Transporting Power of Water 
— Sediments in Rivera— Drainage Syetema: their Relationa to 
Oceana — Divisiona of a River Course — Waterfalls, Rapiila — 
Draimue Areas — North American Rivera ; Southern Slope, Mis- 
mssippi, Arkanaas, Miaaouri, Red River, Ohio; Eastern Slopes I 
f otmnac, Sasquehamia, Hudson; Northern Slope, Great Plak i 
Eiypr, Maekenide River — Mexican Gulf — South American River< 
— EaBtemTribntaricaofN. Atlantic; Northern Slopes of Europe; 
Asiatic Continent — Rivera of West Coasts of Europe — Rivera 
of British Islands — llivera antBring Baltic and Meditorranean—- 
Sast and Sooth Shores of Mediterranean: the Nile and its Tri- 
butaries—West Coast of Africa : Senegal, Niger, Congo, Orange 
Hiver— Indian Ocean: Rivers of Eastern Ainoa; of Arabia and 
I^Pen^j Rivera of Himalaj-an Origin— Soutbem ImJia ; homomot- 
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Yang-tie-Kiang, Amoor, Song Ha, Camboja: Eastern Shorea; 
Colorado, Sunth America: AiiBtralia: Martay River, Macquarrie, 
Darling; Ngw Zealand — Rivera of Inland Dmnagei AMca, 
Central Asia, Aralo-CaBpIoa Area. 

101. A River IS a Comples Water Channel. — The Bimpleat 
tyi>e of a rivci' may lio ilkistiiittil Ly a. str«im which flowa 
down the imnlfly biinka of a tidal estuiiiy as the tide ebbs. 
The plane of mavbie lienodivtion, and the straight course of 
the primary channel down the gentle elope are well ilhistrat«d, 
■while as the water sinks the secondary channels become 
conspiouoiia, nntil at last we have on a small scale a complex 
drainage system fonned by the combination of jirimary and 
secondary channels in the way already described (Axt. iS). 

A nnmber of originally distinct river systems may combine 
into one ; as, for example, in the North American continent, 
where the Mississippi receives the driunage of higher gronnda 
to the east, north, and west, the drainage system correspond- 
ing to that of at least three primarily distinct ureas. The 
rnost important rivers are those which flow parallel to the 
longitndinal axis of a country ; and these, as lias been already 
explained, occupy the valleys formed hy the junction of tho 
secondary streaniB which cut back the ridges that at first 
separated them, and thus canie to forni continuous grooves. 
To follow the course of the Mississippi, the first part of the 
Missouii consists of longitudinal and transverse streams, while 
between the forty-third and thirty-ninth degrees of latitude 
the longitudinal sti-eam is the principal. JVom about the 
last mentioned point a transverse channel poui-s the wat*ra of 
the Missouri into a common sti-eam with the Mississippi. 
Lower down, the Ohio, chiefly a longitudinal stream, enters 
the same valley, while the Arkansas and Hed Eivers enter 
directly as transvei-se channels into the lower part of the 
Mississippi. The Mississippi, below tlie mouth of the Bed 
River, flows through a delta laid down in a deep estuary, 
■which runs into the mainland, and which, if prolonged, 
would join the lake region, amd help to isolate an eastern 
from a, ■western mass of land. If this I'alloy were submerged, 
ibe Mississijjpi system -would be broken up into a largo 
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number of distinct water syatcms. But if the proceasea by 
vhich the Mississippi is at present building out its delta into 
the Meicican Gulf be continniid sufficiently long, we should 
hnre the comple^ty of the river system inci-oused, Mid the 
same alterniition of tranGverse and longitudinal streuma would 
recur. The Amazon offers an exactly similiir pictura. 

102. Siaiaa^ Area or Watershed, Waterpartin^. — By 
the term drainage area is meant all that i:Ui*faco of eountty 
the slopes of which direct the wiiters flowing from them 
towai-ds a common point; and the separation of drainage 
areas is the waterparting, a term moi'e strictly correct tlum 
watershed, which is commonly employed. It would avoid 
confusion were yeraant employed for the sui-faco which intei-- 
venea between the waterparting and the watercourse. 

103. Quaqaaversal Watershed, how Foniied.—It is not 

neoessary that the summit of the waterpailing should be at 

" ly great elevation; in fact we frequently find the boundaiy 

bween two contiguous drainage areas formed by a feature 

the ground so slight as to be a scarcely appreciablo dis- 

■bance of the level of the plain ; and from what has been 

eady Baid regarding the mode in which two odjaecut 

.leys open into each other by wearing down the higher 

mnd fseparatiiig the head waters of two streams, it is 

'■obvious that by the removal of the whole of such an inteiv 

vening ridge two valleys may be laid into each other, and 

the last trace of a waterparting effaced. Examples of this 

are found in several parts of the world; and a notable instance 

is met with in South America, where the Cusiqniftre connects 

the Orinoco and Bio Negi'o. These quaquaversal watei-sheds, 

the existence of which lias been denied, but erroneously so, 

are of frequent occurrence on a small scale in most countries. 

One such is found in the centi-e of Scotland, where a small 

plain in the Pentland ciiain forma a connection between two 

Btreams, one of which enters the Tweed, the other the Clyde; 

and through this common feeding-ground salmon have passed 

tmxa the one side of the countiy to the other, their ascent by 

tlie Clyde being a physical impossibility on account of the 

Falls, while the transport of the ova by biitls has an exceed- 

'gly slender probability, 

lOii BiveiB cnttln^ across Slountain Chains. — One step 
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more in the lowering of a watershed may cany the whole of 
a river into another channel, and it is to thifl extreme result 
of atmospheric denudation that we owe the intersection of 
monntain chains by streams that flow in one direction. Thus 
in Derbyshire, and other parts of central England, streams 
■which take their origin in the centre of a hill range, after 
travelling across the low grounds for some distance, pass 
right tluX)ugh another mass of high gronnd in their progress 
towards the sea. There ai-e only two possible explanationa 
of such an occurrence, the one being that the original plaia 
of marine denudation was traversed by a watercourse in the 
direction of the existing stream t that later denudation carved 
oat a channel at right angles to it, and that this channel was 
worn down so rapidiy as to fall below the level of the primary 
valley, whose waters were diverted into this new course. The 
later valley helped to isolate a mass of the primitive plain, 
and leave it as a hill of circumdeuudation, the drainage of 
wMch, falling into the primitive rivercourse, went in opposite 
directions, and thus created a waterparting in the middle of 
what had been a continnoos channel, so that the relations of 
the primaty and secondary valleys became reversed. By the 
slow lowering of this waterparting the continuity of the 
valley might be restoi-ed, and the waters of the secondary 
valley again canied down in the direction they had originally 
followed. Anotlier explanation is that the valleys which 
isolate the hill masses are the primaiy chamiels, and that 
those which intersect the hills are the secondary streams, 
whose more rapid denndation has enabled them to divert the 
I WKtera of the primaiy river. 
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AriverchanBcl flowing in the direction Primary — Vrvifia.i'y 
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■Priinaiy, and traversing a Talley between tlie tiigh groimdB 
A, in whicli it originates, and B, thi-oiigli wliich it flows, 
may hare its direction tlina fixed; lei, Beaiuso both A. ajid 
B were porta of the 
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to flow, while tribu- 
iaries to right and 
left, marked sficondary, 
deepened thoir chan' 
nels, 2ik7, But A and 
B may hare furnished 
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tributaries to a primi- ley^formcd by wMrin|iio'm "orriagu^^ 
tive stream in the posi' tweeu the tributaries of aa; atreamflDw- 
tionmarkedsecoiirfari/, ing iu direction fi. 
andby a lowering process Buchaa foiincd the channel A (adjoin- 
ing figure), the two channels on either side of the water- 
parting B niay Lave been laid into each other, and bo carried 
oiF the whole waters in a direetion at right angles to tlieir 
original direction. In these two cases Primary and Secondary 
are reversed. A third case is when the secondary channels 
have become one, as in the figures Arts. 43 and 104, and tho 
Primary stream which traversed the original plain has its 
upper waters deflected into this new channel ; the lower course 
/ViwwiT/^ Primary, now conveying leas water, gradually 
forms two streams in opposite directions from a waterparting 
in tho middle of their once continuous bed at B. The first 
of these cases is that of the Wye in Derbyshire; the second 
is that of the Lyne water, which rises in the Pentlands, 
crosses the low grounds, and enters the Tweed through a gap 
in the Silurians. The third is possibly the relation of some 
of the B". American rivers, the change being, however', due in 
part to glacial obstruction or earthquake movements. 

105. Antiquity of British River Valleys. — The history of 
the river vaileya of the "United Kingdom ia complicated by 
the numerous subsidences and re-elevations which havo 
that area; but the labours of Ramsay, Jukes, 
and othpi's h»re proved that the li^er valleys rf ^\i% 
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country are of very groat antiquity. The inspection of tl» 
geological nmp of Scotland Bhowa that patches of old red 
Bandstone are found in the hollowB of the Lauder, in the south 
of Scotland, and far up the estuaiy of the Tay; that car- 
boniferous sti'ata are met with at Thomhill, in Dumfriesshire; 
and that the pei-miana lie in the heart of the hiUs in the 
valleys of the Annan and the Nith. As these are all 
Bedimeutary deposits, ifc is clear that at the time when they 
were accumulated a valley existed and had generally the same 
foinn as we now see. In fact, the plain of marine denudation 
as it is seen in the silui-ian uplands of north and south Scot- 
land, and the reasons which justify the belief that that plain 
was once covered by the old red sandstone formation, demon- 
etrate the extreme antiquity of Scotland as a mass of dry land, 
and cd-isequently the extreme antiquity of the flrat valley 
gi-ooves which were excavated on its siuface. The valleys 
therefore, which must have existed before the deposit of the 
old red sandstone atrata, now exist, and many of them are 
still the leading diainage channels of the country, The 
history thus unravelled is essentially the same as that of the 
valley formations in NoiTvay and Sweden. But in Britain 
the more fi-equent submergences, or at least the gi-eater deptli 
of more recent depressions, somewhat obscure the details of 
the original valley aystems. Perhaps the most satisfactory 
proof of the tendency of streams to return to their original 
channels is furnished by the events subsequent to the glacial 
period, at the closeof which the countiy was covered by a layer 
of glacial detritus upwards of 2,000 feet in thickness. But tiiis 
deposit conformed generally to the princii>al inequalities of 
the ground, so that the leading depressions, such as the groove 
. of the Fortli and Clyde, the Caledonian Canal, and the Gi-eat 
Glen, must have been indicated at all times. In the smalljjr 
ati'eams, however, as in the Clyde, the Tweed, and the Tay, 
we find that while part of the eoui-se is tbi'ough solid rock, 
at other points it is cut in masses of glacial deti-itus. The 
river has, in iaot, returned to its original line; ifc is still en- 
gaged Bconriug out a channel which was choked up by the 
glacial detritus, but having failed in some i>lncea to resume 
its original dii'ection fi'om the compactness of the till, it has 
An/id-ineisierjiassage through the stratified rocks (_Ai-b. 115). 
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106. Direction of Rivera Altered by Distnrbances of tli» 
Earth's Cni8t.^Eut while in North Bi-itaiu thia tendency 
to revei'sion is thus ipn-tiifeat, in the south of England 
■we find proofs of an enth'e change in the directions of the 
rivers, besides that case mentioned iu Art. B3. Thus 
tiie Weald of Kent represents the delta of a great river, 
ivhich, flowing from the west, entered the German Ocean 
}jrobably in conjunction with some large continental stream, 
perhaps the Rhine, the joint estuary being far to the noi'th 
of the present coast lines. These remains of former land 
Bnrfaccs date from the period of the chalk, the dry land at 
that time forming a continental mass which stretched west- 
■warda towards the Atlantic, and was continnons with elevated 
ground in the south of Europe. Thus the evidence of change 
in the trond, as well as in the position of the former conti- 
nental areas, is very complete. 

107 BoQTcea of Eivers.— The gathering grounds of rivers- 
are necessarily those portions of the country which are above 
the level of the stream ; or, to put it more pkinly, water could 
not Bcoop out a channel for itself unless it descended a slope, 
and the excavating power of a stream is therefore proportional: ■ 
to its velocity, that is, to the inclination of its bed. Th» 3 
source of a stream ia fan-shaped, all the riila convei^ to 
the lowest point, and their junction will be nearer to or 
farther from the watcrparting according as the vei-sant 8loi>es 
rapidly or gently. It is impossible to fix any one rill an ike 
source of a river; and this is especially the case whore the 
drainage of two or thi-ee distinct tracts unites in one groat 
stream, as the Mississippi and Amazon, Atmospheric mois- 
ture is the ultimate source of all streams, whether it contri- 
butes to them directly as rainfall, less directly by the melting 
of ice and snow, or stiU more indirectly by means of the 
springs wliich return to the surface the water that has soaked 
into the ground at higher kvela, and has aimk to various 
depths. 

108. Motionaand Form of Stream. — In no case is thevolume 

of water in a stream cr[ual thi-oughout its length ajid at all 

timea Seasonal di/fcrences are of regular recm'rence, but the 

nnsxiationa may be very frequent in glacier regions, where thn 

^^Hiflft duni^ th6 night dinujiishes the streniiia which th<i hc&t 
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of the day again enlarges; or they may he at long intervaU, U 
in Bub-tropical couutries, where a di-ought may luat for years 
in place of a season. T3ie size and volume of a stream ai'e 
determined hy the rainfall. It may enlarge and dimiuifih 
gradually, or the enlargement and diminution may take placo 
suddenly, constituting what ia known as a flood The eurface 
of a stream is not flat : tlte water moves more rapidly in tha 
centre thanatthose points where it is in coutactwith its channel. 
The foam lines are seen to be curved, the convexity of tho 
curves pointing down stream ; and the curves ai-e more or less 
rapid in proportion to the speed of the river or the narrowness 
of its channel. While, therefore, friction against the banks 
retards the marguial water, the bottom water ia likewieo held 
bfick, so that a descending mass of water presents a curve 
ti-om side to side, and &om the bottom of the stream to the 
centre of the curve. A river, therefore, descends its slope io 
the form of a succession of shells of water. When its volume 
increases, the difference is first felt in the centre of the stream, 
which rises more than friction allows the sides to rise, just aa 
the meramy in the barometer, when tending upwards, has its 
surface convex, and friction gives to the river and to the 
mercury a concave surface when the tendency is downwards. 
Objects thrown into the ceuti'e of a rising stream ti-avel 
towards the margin; as the stream sinks they return towai-ds 
the centre. At the bend of a river floating bodies are carried 
with the sti-eam against the bank, but their speed increases 
as they approach it, and they are not thrown off at aa angle 
(unless they are heavy), but iiish down the curved surface of 
the water, and rise to the surface lower down and nearer the 
centre of the stream. A backwater or revei-se current along 
the sides of a river is found below an obstruction, such as a 
jirojecting bit of the bank ; the water in the lee of the obstacla 
would be still, but the stream skirting it drags away its 
margin, and thus, by friction, creates a movement, the water 
moving up along the bank to replace that which is canied 
away by the downwardflow. If the projection is slight, there 
is only one backwater. If the bay on its up side is wide, a 
backwater is dii-ectly formed by a portion of the stream 
sweeping into and round the bay. Tbus the St, Roque cuiTent 
Btiikes oa the Mos([uito coast in the Caribbean Sea, and formg 
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a l)3clcwntcr, wliile tlie peninsula of Yucatan gives rise to 
anotLer in tLe Bay of Vera Cruz, 

109. Floods— Flood-Waves.— Wlen a quantity of water 
is suddenly jKiiired into a stream it rises, but unless the supply 
ia kept up it immediately sinis. The suddenly formed eleva- 
tion travels forward, but aa it travels, the convexity gradually 
flattens, till at last the ejtceas of water is evenly distributed. 
The form of the flood-wave is that of the wind-wave on the 
Bea — a long slope up stream, and a shorter alope down stream. 
If it enters a lalte, its progress is chocked, pai'tly because it 
subsides by spreading, partly because its way ia stopped by 
impinging on the still water. Tbo wave which begins at the 
oatflow of the lake is less violent, because it does not start 
with any impetus. The same regulative influence is exerted 
even more strongly when the stream passes through a av^amp, 
or pours part of its excess of water on the adjacent ground, 
or escapes into sidings. These are sometimes natural; but 
their artificial preparation is recommended where , the 
ground which it ia proposed to flood is unproductive, or of 
ksB value than looalitJea farther down, which require proteo- 
tion from the worst fury of the waters. The most mis- 
chievous floods are those which occur where rivers flow from 
temperate te arctic regions, like the Mackenzie River of North 
America, aad those of Siberia, or where they descend fi-om 
the snow line to warm plains. In the former case, the flood 
wave descends at the season when the lower waters a.re 
frozen, and must therefore spread over the adjacent region; 
in the latter, the rapid summer melting pours great bodies 
c£ water suddenly on the low grounds. 

110. Speed of Rivers. — The velocity of a stream is in 
proportion to the inclination of its bed; but, under excep- 
tioaal circumstances, as when it is checked by having to pass 
through a narrow gorge, it is in proportion to the slope of its 
surface, for tliere is tlms created a constant and fixed flood- 
wave. The average alope of a river bed is about 6 inches in 
the mile, or 1 in 880, but in particular streams this eetimato 
may be too much or too little. Even in the same stream 
the measurements vary. Thus the Miasouii, from its source 
to its junction with the Mississippi, measures 2,908 miles, 
and it descends 6,800 feet; its average slope therefore ia 2S 
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inches per inile. In tho first 264 miles it lias a-slope of 16 
inches par mile; in the next 750 miles ita slope is 10-56 
inchea per mile; for 0i8 miles its slope ia 13'20 inches psr 
mile; for 404, 12'13j for 358 miles, 10-32; for 484 milea, 
9-24. Tha first 1,330 milea of the MiBsiasippi slope at 11-74 
inches; between Cairo and the mouth, 1,088 miles, the iatoli- 
nation ia 694 inchea per mile; bnt o£ this, the last portion, 
855 milra in length, has a slope of only 4-82 inches per mile; 
and the lower half of this portion gives the following; mouth 
to 100 mUes, 1 -8 inch per mile; 100 to 200, 2 inches; 200 to 
SOO, 2-30 inuhea; 300 to 400, 2-57 inchea. The slope of the 
Rhine ia 1 in 414, but the lower 235 miles show only 1 in 
2,324, the upper 375 descend at the rate of 1 in 609. Tho 
Telocity is, of course, least in the lower [wrtiona of a stream, 
vhere the course is for the moat part sinuous and the slope 
of the gentlest, as in the Mississippi, where it is 1 in 1,100; 
the Seine, 1 in 5,200. Tho middle coui-se of the EMno 
flows, it is estimated, ab 3 miles on hour, the lower portion 
of the Mississippi at 2^ miles an hour when the river is at 
mean height; but theae calculations are somewhat uncertain 
from want of agreement as to the method of observation, and 
very unequal care in conducting the osperiraents. 

111. Abrading* and Transporting Power of Rivers. — The 
quantity of material removed hy a stream is usually in propor- 
tion to its volumeand speed, but not always. Thus, Livingstone 
forded rivers ia which there was moi-e sand than water, and 
the freshets of aorae mountain torrents cany down d^biis out 
ofallproportionevea to tlie flood size of the stream; hut in the 
latter case the rapid slope of the bed enables a small body of 
water to set a very large mass of solid material in motion, 
and the transporting power of the torrent is apt to be ex- 
aggerated. Much depends on the form even more than on the 
weight of fragments — a rounded mass travelling more easily 
than a flat one, a smooth fragment more easily than an 
angular one. In comparing the transporting power of dif- 
ferent streams thia element is frequently overlooked. Sir 
Charles Lyell gives many instances of the enonnoua power 
of water in rapid motion, the flood of the Dee carrying blocks 
of more than a hutiilrod weight up slopes of 1 in 8 or 10. The 
flood of Baguca, occasioned by the giving way of an ice 
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barrier, wliicli had converted part of the valJoy into a 
started with a Bpeed of 22 miles an honr, which diminishe 
to 4 miles ; a joui-ney of 45 miles bebg acconipliabed by th 
flood wave in 6 hours. The power of a river is nsuallj 
stated as follows: — Velocity 900 ft per hour tears up Sm 
day ; 1,800 ft. carries fine sand ; 3,600 ft., fine gravel j i 
miles an hour, pebhlcs as large as a hen's egg. It is therefore is 
proportion to the velocity and to the materials it huniea alon 
with it. Mr. Login believes that when a river haa the prop* 
load of eediment for its velocity it looses abrading power. 

112. Sediments in Rivers. — But these striking ci 
unimportant geographically in comijarison with what is goiiy 
on dittly in every river, solid matter travelling seaward i 
quantities which are not appreciated till they are reduced ti 
onbic dimensions and compared with familiar objects. ~ 
feasor Geikie and Mr. Croll have devoted much labour t 
the investigation of the solid contents of streams, desiring fe 
calculate theucc tlio thickness of the layer annually ivmovet 
&om the drainage bed. Thus, Lyell calculates that the totq 
qniintity of suspended sediments in the Ganges, 6,3G8,077,44( 
eubio feet annually, could be removed by 2,000 ludiamen, ead 
of 1,400 tons, starting every day of die year. HumphreysJ 
and Abbot calculated that the sediments carried annually h^^ 
the MisaiBSippi into the Gulf of Mexico, 750,000,000 cubic ' 
feet, would cover a square mile to the depth of 208 fpet 
Now, the Ganges drains an area of 432,480 square miles, and 
the Bedimenta above mentioned represent a lowering of the 
surface of that area by jj's^tlis of a foot yeai'ly, or 1 foot 
'in 2,358 years, the chemically dissolved matters not being 
included in this estimate. The importance of this latter kind 
of waste may be inferred from the fact that, whereas the 
Clyde is estimated to remove a, foot in 6,658 years from a 
basin of 1,560 sqnare miles, the Tliames, which drains an 
area three times larger, and discharges more than twice the 
volume of water, would require 10,144 years to do the same 
■work, if its actions were tested only by the solid matter it 
carries in suspension. But the Thames drains a chalk areaj 
the Clyde has comparatively little soluble strata to deal with; 
ftce the work done by the latter is exsggoi'ated in comjari- 
It Tritb that done by the former, il' we omit tlio chemical J 
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action of tLo former. The details of this inquiry are to ba 
found in CroU's papers in the I'hilosophieal Magasine, and in 
Geikio'a Essay, which forms Chapter XXV. of Jukea'a Manual 
qf Geology. The general conclusiona ia that chapter are that, 
calculating from the eedimenta cairied into the aoa by rivera, 
the dry land loses a vertical foot in G,000 years. But this 
loss is unequal on the high and low grounds, the valleys loring 
5 feet in that time, while the more level grounda lose jthg 
of ft foot; or the tahle-lands lose I'jth of an inch ia 75 years, 
while the valleys part with the same amount in 8^ years. 
Some unceitainty exists as to the averages relied on, some 
districts losing more than others in consequence of the leas 
cohei-ence of their materiab. The sediments of rivers such as 
the Miaaiaaippi are dei-ived from areas under veiy unlike 
climatal coaditiona, aad an avemgo of the whole does not 
necessarily give the average of eacli. Changes in elimatal 
conditions may accelerate or suspend the rate of waste; and 
the majority of the rivers on which calculations are based 
drain regions in which the hand of man haa greatly modified 
the pracesses of jiature. But the method of research hna 
already brought out many unlooked-for results, and it will, 
whea observations are multiplied, bring ua nearer to a reliable 
standard for the calculation of geological time. 

113. Drainage Syatema; their Eelations to Oceans. — Itia 
most convenient to reverse the natural method of the forma- 
tion of a stream, and, commencing at the point at which a 
river enters the sea, to classify all auoh streams into systenifl 
which will thus give some idea of the amount contributed by 
varioiia maaaea of diy land to the adjacent oceans. The 
North Atlantic basin receives the drainage of Europe and of 
America, but to this must be added the vast quantities of 
water which pour from the Siberian riveiB into the Arctic 
Ocean, and thence into the North Atlantic, forming part of 
the cold area in that basin. The contribution irom the 
extreme part of the Noi'th American continent is very much 
larger than at firet sight appears, since nearly the whole of 
the Arctic waters enter the North Atlantic. The Gulf of 
Mexico must also be regarded as a tributary of the Korth 
Atlantic, and the waters of the Amazon and Orinoco are also 
carried into the Caribbean Sea, and become a pai't of the 
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Gulf Stream, Viewed in this manner, tlie whole West 
Coast of Africa likewise contiibutes to the North Atlantic 
waters; the River La Plata on the other Land passing south- 
ward to join the southern connecting current. The jirincipal 
nnvigable rivers of the world are thoso associated with the 
Atlantic basin, but large as their area may be, they never- 
theless do not represent the whole of the drainage, since a 
vastly greater quantity of water is contained in the small 
streams which descend to the coast line without uniting ijito 
lai^e channels. 

114, Divisions of a River Coarse. — Sti'eam courses have 
heen divided into various SGctions, artificially characterized as 
firet, second, and third divisioiis, or upper, middle, and lower. 
In the CBsa of very lai'ge rivera the arrangement is sometimes 
convement, because in reality it answers to certain prominent 
features of the dry land. The upper course of a large river 
is for the most part highly inclmed, and consists of many 
small branches successively uniting. This is tho condition ^ 
all streams in recently emerged grounds, or of those streoma 
which flow into arms of the sea that represent submerged 
volleys. Thus, the Scandinavian rivers flow by tolerably 
direct courses into the sea, the fiords of that coast line de- 
monstrating the greater extension of the land at a fonuer 
period. Probably, were the Atlantic basin elevated, we 
should find a middle and lower course for these stt'eams — 
courses which they formerly possessed, though we cannot 
exactly tell at what period. What is known as the middle 
course of a river is that part of its route in which the inclinap 
tion of its bed la somewhat less, while the lower course of fe 
river corresponds practically to the alluvial plains. ThuB^, 
the Ganges has the first part of ite course broken 
many converging streams; the middle part of its c 
comparatively short, and lies ia the elevated terrace It 
fringing the Himalayas, while its lowest portion flows through 
the vast alluvial plains, which have been slowly increasing 
the land was gradually elevated. The history of that liver 
is in feet the history of a stream whose estuary ran far into 
Uie continent. As tlie alluvial matters were laid down along 
its banks, slow submergence maintained the level of the 
deposits very little above &at of the Btream, Evideuca 
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^* this moile of fonnation of au alluvial plain is fotmd ill V^V 
Eouiulinga of the Indian Ocean, which ^ow that opposite tK?'' 
mouth of ths Ganges there 13 a very deep depression, in 
which lies a " swatch of no gi-ound," a. deep submarine Talley, 
about 15 miles bi-oad and more than 300 fathoms in depti, 
"We have in this hollow an index to the former depth of the 
Ganges valley, the seaward growth of the alluvium of the 
river being now cheeked by the cun-cnt which travels along 
the north part of the Bay of Bengal. 

US. Waterf&llB, Bapids. — In general terms it may ba 
Btiid that the possibility of dividing a stream acoordiug to 
variations in the slope of its bed fumiahes an index of its 
antiquity, though we shall find that the Mississippi furnishes 
a notable exception to this rule. The continuity of a slope 
is interrupted either by the entry of a river into a lake or 
into level ground, or by its falling suddenly in cataracts 
from higher to lower levels. The origin of many cataracts is 
somewhat difficult of explanation, bat in some of the falls of 
the St. Louia Eiver of North America it baa been ascertained 
that the present position of the river is not that whicli it 
occupied prior to iie glacial period, the preglacial bed, choked 
up with detritus, being still recognizable in the vicinity. 
The river, which, fonneriy flowed at a considerably lower 
level, resumed its course in the same general direction, bat 
becoming deflected towards a ridge of rock, the summit of 
a former escarpment, it was there retarded, dammed back 
till it overtopped the obstacle and poured across jt, gradually 
deepening the groove. The escarpment was doubtless the slope 
of the bill looking towards the plain into which the St. Lovds 
Rowed at its former lower level The general tendency in such 
coses would be to lower the height of the fall, till at lastaateep 
slojiing river bed should be provided. But in exceptional cases, 
such as that of the Niagara, the vortical face of the cliff is 
maintained by a i>eouliarity in the method of disintegration of 
the rock. A bed of Lai-d limestone about 90 feet in thickness 
forms the summit of the cliff, and rests upon a mass of soft 
tthales which ai-e disintegrated by the spray from the base of 
the fall, cnunhlo readily away, and thus undermine the top 
^H bed, letting it fall in blocks which, as is the case with most 
^^h veiy compact strata timt have been siibjected to modification, 
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are of a rectangular form, Iience the perpenclicular face of tha 
cliff is maintained, and has been maintained during iJl the 
time tbat has elapsed since the falls tumbled over above 
Queenstown. But the watera of Lake Ontario probably 
flowed, through a channel aow filled up, into the Hudson 
Hiver, imd the selection of the route by Queenstown was due 
to the piling of rubbish on the south bank of the overflowing 
lake, so that its waters were driven over a steep elope to the 
uorth-csst. On a small scale cntaracts may arise by a. process 
exactly similar to that by which watersheds are lowered tiU 
valleys hoeomo united. Thus, in hiJl regions where a catch- 
ment basin occupies the sumniits, whence slopes descend with 
different inclinations to the valley, the w-aters of the catch- 
ment basin may be carried over the edge of the steeper face 
by the wearing down of grooves on. its margin, and thus a 
waterfall may arise in a secondary fashion and be maiatoined 
by the progressive eating back of ite steep face; or the same 
traidt may bo attained by the undermining o£ a cliff bo that 
at last a steep face comes to intercept or open into the bed 
of some mountain ton-ent which originally flowed in another 
direction. The lowering of waterfalls, we repeat, is a normal 
event ; the permanence of their precipitous face ie only espli- 
cable by special Btratigraphical conditions, such as the nearly 
horizontal hard bed with its crumbling underlying shale at 
Niagara. A continuous slope may be converted into a water- 
fall if, by a difference in the hardness of the strata, one paxt 
wears away more rapidly than another, the abrupt face once 
formed tending to perpetuate itself so long as a diflerence of 
texture exists, A waterfall may be tinally abolished by the 
diminution of its area of supply, in the same way as we shall 
find a glacier may be reduced. 

The falls of Niagara, with a height of 154 feot on the 
Canadian side, of 163 feet on the American aide, and the 
Victoria Falls on the Zambesi, with a vertical height of only 
100 feet, are among the grandest displaya of natural power 
in the world, a sheet of water 2,400 feet in width being 
Been at Niagara, while tho Zatahcai falls over in a mass 
jnore than 3,000 feet wide. Thei-e are grander cataiaots bo 
as mere height is concerned. The Staubbach descenda, 

lOO feet, and the Yobaraite Falls in Califomhv havi 
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lcai)of 2,100 foet, the whole descent being 3,100 feet. 9^1 
Kaieteaur Fall ia Esaequibo is 7i2 feet high, and even £ft 1 
Jane was 370 feet wide, and discharged 600,000 cubic feet 
per hour — that is, one-sixth part of the vohinie of the Clyde. 
An attentive observer will find that the water falla in con- 
centric ahells like those of the flowing Btream ; the margin^ 
waters do not fall at the same moment as the central, and 
this rela,tion ia preserved from top to bottom even of a high 
&ill, if the water drops sheer. But vertical clifTs are not so 
coiunion as is supposed ; they are usually stepped, and when 
the gradations of the descent give a low angle to the whole, a 
rapid is produced — that ia to say, an incline of water with 
a velocity which renders it impossible to ascend, and even 
makes descent precarious, or forms a permanent obstacle to 
navigation, conii>elling the traveller to carry his boat and 
ba^age overland by a " portage " to the calmer water above. 
Another kind of rapid occurs where a permanent shingle bank 
is developed, or where a constant supply of boulders in tiia 
bed of the stream ia maintained; the slope of water being in 
both cases swift, but in one smooth, in the other tumultuous. 
Between the cascade and the ordinary slope of the river bed, 
then, there are many intermediate steps which are intelligible 
only by reference to the past history of the river, or to the 
character of the rocks of which its bed is composed, 

116. Drainage Areas. — The Korth Atlantic basin receives 
on the west the drainage of — a, Central America and part 
of Brazil, the Gulf of Mexico being the interposed reservoir ; 

16, the coast to the east of the Appalachians; c, the great 
lakes, through the St. Lawrence ; d, the land surrounding 
Hudson's Bay ; e. Temperate and Arctic America, through 
Davis' Sti'aits. On the east the rivei-s of the Russian Empire 
reach the Atlantic by the North Cape ; the weatem 
Em-opean coasts drain directly into the Atlantic, while the 
drainage of the interior ia either direct — as in the case of the 
Ehine, Seine, Tagus — or indirect, as wkera Sweden, Hussia, 
and Pniasia pour their waters into the Baltic in the north, 
or where in the south the Mediterranean is the di-ainnge 
reservoii' of an iiTegulai: ai-ea, the outlying points of which 
are the Oni'al Mountains, the Spanish plateau, Equatorial 
Africa, and the Caucasus. Lastly, the western sliores of 
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Aljica contiibute to the North Atlantic directly, or by tha 
equatorial drift tlii'oiigh the Gulf of Mexico, 

TLe South Atlantic receives the watora of South America) 
to the east of the Andes and to the BO\ith of Cape St Eoqnai 

The basin of tho Indian Ocean includes part of the African 
table-land, the borders of the Red Sea, of the Persian Gulf, 
and the Arabian Sea, and the Bay of Bengal ; the outer limits 
of the Asiatic area being the Taurus, the Himalayas, and the 
axis of the Malayan penineiiliL; while with this basin musb 
be reckoned the western shores of Australia. 

The Pacific basin is more simple in its outline, the Iiiglt, 
grounds near the coast lines limiting the area of supply, ex-' 
cept where the Chinese rivers start from the Thibetan plateau. 

117. North American Bivers — Southern Slope. — The 
Mississippi drainage ai-ea covers 1,147,000 square miles. 
Only a small part of the waters of this, the southern slope of 
the Nortli American continent, enters the Mexican Gulf 
directly, the lower part of the Mississippi being the common 
channel of the Mississippj, tho Misaouri, Arkansas, Red 
Hiver, Ohio, and each of these in its turn having many large 
tribntaries. The commercial importance of this great system 
of rivers may be gathered from the fact that the Missouri is 
navigable for 2,570 miles above ita junction with the Missts- 
sippi, which ia itself navigalile for 1,500 miles, so that water 
conimunication connects the interior of the continent foe 
4,000 miles with the ocean. 

118. Eastom Slopa — The Potomac and Susquehanna ar«' 
the chief among tho many streams which drain the Alle- 
gbanies to the east The Hudson is now a stream of minor 
consequence, but was probably in the line of the former 
drainage of that area whose waters now ^kiss away by the St. 
Lawrence. This estuary, rather than river, now ia the out- 
flow for the great lakes from Lake Superior to Ontario. 
Newbeny has shown that the rocky surface of the watershed 
or versant of the Mississippi is far below the level of that of 
Michigan, and that at Elooraington, in Illinois, an old channel 
liaa been sunk through to the depth of 230 feet: it ia pi-obable, 
therefoi-e, that the lakes Superior, Michigan, Erie, and 
~Turon drained into the Mississippi, and that the overflow at 

Sagam was duo to tho closure of this channel, while tha. 
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Ijalce Ontaiio, tlins largely increased, waa, in its turn, driven 
into the Ht. Lawrence by the eloaure of the Hudson valley. 

119. HorthGm Slopa — The Great Fish River and theMao- 
kcTizio arc the chief streams in this direction, the latter 
having a length of more than 3,000 miles, and a dmiuM 
area of 441,000 square miles. This sti-eaiu, wliose floods 
have already been mentioned, is the northern drain of a 
region once continuous -with the Gulf of Mexico. The valley 
of the Mississippi, or more strictly that of the Missouri, was 
under the waters of the later cretaceous sea, and the Slissouri 
only began to exist in tertiary times, when the cretaceous 
rocks became uplifted as ■we now find them to the west of 
that river. The comparatively slight separation of the south 
and north slopes is due therefore to inequality of elevation, 
"while the length of the Mackenzie Biver has been increased 
by the great amount of detritus carried down by it from a 
regioncovered with glacial detritus, just as the Siberian ;.>laina 
have extended northwards. 

ISO. Ifezican Gulf. — It is unnecessary to speak of the 
streams which enter this basin; none of them are very im- 
portant, save as they illusti-ate the transverse type of river 
channels, their course being at right angles to the axis of the 
respective districts. 

121. South Amerioa. — The Magdalena, Orinoco, Amazon, 
drain this continent to the ■west of the Andes, and as fer 
south as lat. 18°. The two latter rivers are in truth one, 
since the wearing down of the watershed has connected tho 
Bio Negro and the Orinoco by a cross valley; and the Bame 

f-ocess will, it is said, ultimately unite the Amazon and the 
late Eiver, In this region, therefore, the erosion of river 
valleys is well illnstrated, and Agnssiz has observed that dis- 
int^xation is especially rapid since the heated surface of the 
rocks is more readily diaintegi-ated chemicaUy and mechani- 
cally by the abundant and warm atmospheric moisture 
■which the decay of a rank vegetation saturates with 
carbonic acid. 

The Amazon, 3,000 miles in length, and tidal for 500 miles, 

again, Uke the Mississippi, the common channel df streams 

fi-om veiy different parts of a i-egion covering 2,000,000 

square miles, whose flood times do not coincide, and thus 
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Qie river presents less marked variations in volume than do ' 
other atreamB, the denae vegetation having some share also 
hi tins regulative influenca Having at its mouth a breadtli 
of 60 miles, it is etill at GOO miles up the countiy one mile 
broad; navigable for 2,000 miles, and receiving several large 
and navigable rivers, it is well fitted to be the carrier of 
A great trade, when the diSculties of climate have 
been to soiae degree obviated by more extended clear- 
ing of the forests, and the di-ainnge which that operation 
will entail. 

The Orinoco, 1,560 miles in length, and tidnl for 370 miles, 
di-aJns an area of nearly 400,000 squai-o miles, and is navi- 
gable for two-thirds of its length. Its waters, and those of 
the Amazon, spread seawards with a velocity of about 3 miles 
an hour, which, carries them visibly to a distance of, it is 
said, nearly 300 miles, their muddy contents rendering them 
easily recognisable. They are then swept into the Mexican 
Gulf along with the St. fiotjue cuiTcnt, 

The Eiver Plate, with a drainage area of 900,000 square 
miles, enters the Atlantic by an estuary of 180 miles in 
length, the course of the river proper being between 1,700 
and 1,800 miles. Its tributaries are also navigable, and are 
o£ considerable dimcnBions— -the Salado being over 600 miles, 
the Paraguay more than 1,000 miles in length, AH these 
Sonth American rivers cany down large quantities of water, 
the precipitation on the higher grounds being great; and 
they are heavily laden with sediments, the soft materials of 
the great plains and terraces being easily disintegrated. 
The wateipaii,ing about 12° S. lat. separates the N.E. 
fi-om the S.R sloiiea, and exiiands eastwai-ds in the Brazilian 
Siei-ros, which consist of metamorphic rocks of paJjeozoic age. 
Thus a mass of ancient strata establishes a coast watershed, 
the streams of which are mostly small, the San FraQchsco 
alone having any size; its length is neariy 1,700 miles, and 
its di-ainoge area about 250,000 square miles, Tho Plata 
River drains the eastern slopes of the Andes and the later 
deposits of the Pampas, and thus forms a part of tho ai-ca in 
whioh tho small streams draining the iiiiJ high grounds of 
Patagonia are included. 

122. Eaatem tributaries of the K. AtUntk— E,vj«?. ^i1 
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N. BnSsia. — The rivers wLicli dram tlie great plateawxfl 
rather Bide of the Oural Mountama, from tho NoHh Cape ta' 
Behi'mg Straits, have an aapect very Bimilar to the rivers of 
Arctic America. The whole delta, bounded by a curved lino 
from the North Cape to 52' N. lat, 60° E. long., and thence 
by Lake Baikal to Behring'a Straits, forms topographically, 
geologically, and by climate a eiogle area, *hose waters, 
pouring norfchirarda, flood the low grounds in winter to a 
depth of from 30 to 50 feet. The Obi, the Yenisei, and the 
tena flow thraugh 20° of latitude, and travel through Bo 
much of low ground that the "sloi>e fi'om the eource of the 
Lena to the eea is only 1 foot in 5 miles, obviously an ei- 

' aggeration due to the want of data for discrituinating the 
upper portion from the alluvial flats. The drifting of 

: Siberian timber westwards forma the chief evidence for 
the Atlantic destination of these waters; but it is pi-obable 
that some part travels eastwards to join the Pacific in- 
draught. 

123. West CoaatB of BuTope. — The Scandinavian peninsula 
presents a simple series of transverse streams, of which only 
the upper courses are above the sea level; the -fiords repre- 
Benting their submerged lower valleys. The Elbe travels 
B50 miles fix)m ite Bohemian source, and drains 00,000 
square miles of Central Europe, bringing into the sea mineral 
mateiial suspended and dbsolved to the amount of i^^Qth of 
its volume. The Khine, whose remote source is in the 
Central Alps, has a course of 800 miles, and drains an area of 
65,000 square miles. It carries through Holland a bunion 
rf sediment amounting to Tin*^ "f its volume (Haiisolter); 
while at Bonn, Bischof found its solid contents to vary be- 
tween ig'isth iiy weight in flood, and jt^^d*^ during a dry 
season. The Rhine receives the Moselle and the Main, tha 
former piissing through a district in which the soft loess 
holds a prominent ]ilace. The Seino has a course of 400 
miles, and from source to sea a slope of 1 in 1,628, the in- 

Iclination being underrated, because its course below Paris ia 
Tery various. It is navigable for 300 miles. The Loire is 
navigable for 460 miles of a course of C83 mUos; bnt its 
Bhallow, sandy bed renders navigation difficult The drain- 
Bge area, 33,000 sq^viaj'e miles in extent, ia to a large extent 
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among the volcanic rocks of Central Fi-ance. TLe Garonn« 
delivei-a ilifth by volume of sediment into the Buy of Biscay, 
gathered during a course of 360 miles, 260 of which are 
navigable. The Adonr is the last of the important tribu- 
taries of the Bay of Biacay, all of which ace navigable for 
some distance inland, thus giving to Fi-ance a commercial 
prosperity which makes still more unintelligible to Engliah- 
meii the saying that Paris means France. The Douro, TagUH, 
Guadiana, and Guadatquiver drain Spain and Portugal to 
the west. ^ 

124. British IslaadB. — No region shows more clearly tham| 
do tha British Islanda the importance of the constant drain- . 
age at all points of the coast, as compared with that of 
the rivei-a to which the attention of geographers is chiefly 
directed. The subjoined table, borrowed fixim Professor 
Geikie, will give a convenient standard of comparison for 
other livers, and a clear idea of the data on which the rate of 
geological change is calculated : — 
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All the British rivers are tidal. The Thames, navigable for 
110 miles above London, below which the estuary stretehes 
for 50 miles, receives tributaries, which are, in fact, a series 
of canals for the conveyance of agiicultural produce. The 
short coiirse of the British rivora and their comparatively 
rapid fall, joined with their tidal ehai-acter, forbid the forma- 
tion of a delta. 

, 125. Baltic. — The lake region of Sweden, which bears 
comparison with America north of the latitude of Lake 
Superior, poura its smplus waters into the Baltic, ii 
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■eives t^> I 



^^K term for the ■whole body of water which enteva 

^^1 Ooe&a by the Skageit-adt. The eastern side receives t 

^H ■ Neva, Dwina, and Kiemen, in addition to a number of 

^^P smaller streams; while Fniasin contributes the Yistula. and 

^H the Spree. Judging by the number of well known names, 

■tie Baltic might he supposed to receive only a small amount 

of fresh water; yet it is clearly established that, since its 

communication ■with the ocean was reduced to wluit we 

tnow see, the shell fish, which yielded to the early in- 
habitants of Deamark an abundant supply of food, are now 
stunted in size in consequence of the brackish character of 
the -waters, 
126. Mediterranean. — The Spanish coast is drained by a 
number of streams, of which the Ebro is the best known. 
The Rhone, which has a course of 500 miles, and drains an 
area of 25,000 squai'e miles, has a geological importance 

I ■which may be gathered frara the fact that, thougli ite course 
is one-fifth of that of the Hoang-Ho, it removes, judging by 
its sediment, one vertical foot from its drainage area of 
25,000 square miles in 1,528 years, while the Chinese river 
removes 1 foot in 1,464 years from an area 21 times larger. 
On the other hand, the Fo, ■with a course of 340 miles, and 
A drainage area very little larger (30,000 square miles), does 
the same work in 729 years. It is unnecessary to enumerate 
all the streams which enter the MediteiTaneau on the north, 
Binoe all of them, with the exception of the Danube, tha 
Dnieper, and the Don, drain only the slopes close to the sea. 

», The Danube drains the great tract of Centi-al Europe ■which 
lies to the east of the soiii-ces of tlie Rhine, and between 
the Carpathians and Balkana The Dniester, Dnieper, 
and Don are the leading streams of a tract wliich is only, 
so to speak, accidentally separated from the Caspian, the 
steppe region presenting a singular miifovmity of aspect and 
condition, 

127. EoBt and South Shores of Mediterranean.— If the 

I eastern boundary of the valley in which the longitudinal 
rivera — the Jordan and Nahr cl Avy (Oi-ontes), flow I'espec- 
tively southwards and northwards — were prolonged to the 40th 
parallel of latitude, and can-ied thence eastwai'da to the GOth 
paiullel of lougitude, the lino thus traced would mark off all 
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ihfl Asiatic drainage nrea which contributes to the Atlnntia 
The Btreams ai* numeroufl, but none of them are of gi-eat 
size, and the greater number are tranaverse streams. It 
follows from what has been eaid regarding the origin of 
rivers, that such tronsvei-se streama indicate that they are 
either of recent origin, excavated on emerging land, or (as in 
Scandinavia and Scotland) that the continuation of tlieir 
vslleya— that ia t» say, the tracts in which longitudinal 
valleys have been formed — are submerged. In either case tho 
transverse atreama, cori'esjionding to the eo-called upj)er 
courses of gi'eat rivers, are of small importance as regards the 
commerce of the country. The insignilicance of all the North 
AMcan sti-eams, except the Nile, is due paitly to the small 
size of the coast drainage area, paitly to the dryness of the 
region which, near the heated Sahara, and traversed by 
southerly winds, has rainfall only in winter; and 
is true also for the Syrian coast, the size of the streams theM 
depends on the elevation and bteadth of the high grounds 
where they take their rise. 

128. The Kile, tlio prohlema of whoao sonrco and floods 
have not yet been satiafactorily solved, has its most remote 
source to the south of the Equator, and then traverses 36 
degrees of latitude, and may even have a longer com-so if 
l^t&e Tanganyika should prove to be one of its feeders. Its 
descent from the level of Viotoria N'Yanza is not continuous, 
being broken by a succession of cataracts, the firat of which 
are the Mnrchison and the Bipon Falls, on the rivers issuing 
from the Lakes Albert and Victoria B'^anza respectively, 
while the lowest is 555 miles above Cairo, or about 655 
miles from the Mediterranean. While the total descent ia 
over ^,000 feet, the inclination of the bed of the river 
between the first cataract and Cairo is 6-5 inches per mile, 
and below Cairo is even less. The equatorial Boureea of the 
river are stUl uncertain, but the Abjssiniiin branches, the 
Atbam and the Blue Nile (Bahr-e!-Azrek, long thought to 
be did Boiu'ce of the river), are well tnown. Tlie Nile ia 
aloiie among rivers in having no tributary for the last 
1,SOO miles of its conrae. The floods, therefore, which 
mencB in Lower Egypt about the summer solstice, and last 
for 100 days — the river reaching its lowest state in AijviloB', 
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May — roust be due to the rainfall and melting of enoi^Hi 
. the equatorial regions. ' 

129. West Coast of Africa.— The same remark holds trno 
I for the West Coast of Africa, except in that region which 
P corresponds to the latitudinal hand of mountains over which 

the west wind blows from one side of the continent to the 
other. The great rivers which pour into the Atlantic, tha 
f Senegal and the Niger, or Joliba, are derived from the grelit 
I mountain masses; and the Zaire, or Congo, which drains the 
I central basin, may yet pixive also to derive a part of its 
water from the same lakes and mountains to which the Nile 
is traced. In all African explorations a chief difficulty lies 
in the seasonal changes of rivers and lakes, the wet season 
filling a channel which had before been dry, and changii^ 
fii'st into swamp, and then into a lake, what had been an arid 
desert The continued residence necessary to recognize thrae 
vicissitudes has not yet been possible for the European 
traveller; but it is well to bear in miml that conflicting 
reports regarding aay one locality are aoraetimos reconcilable 
by reference to this fact, as it has been proved to be in the 
case of Lake Tchad. The Orange Kiver of South Africa 
drains the whole breadth of the land from the eastern edge 
of the plateau to the Atlantic. Its history ia not wdl 
known; but it contrasts by the length of its course, the con- 
tinuity of which ia intermpted during dry seasons, with the 
streams which drain the southern extremity of the continent, 
among which the transvei-ae and longitudinal valleys are 
beautifully exposed. 

130. Indian Ocean ; East Coast of Africa.— The Zambesi 
is the principal stream of this side of the continent ; it is the 
counterpart of the Orange River as the drain of the central 
plateau, but its importance, geologically speaking, is less than 
that of the Lufiji, which i-eachea the coast after traversing a 
range of mountains two months' journey in breadtli. It is 
not known whether this i-emarkable course has been formed 
by the fusion of two streams flowing in opposite directions on 
either side of the lip of the central basin, or repi-escnts a 
primitive stream whose route was marked out duriug the 
emergence of the land. The Zambesi is a striking example 

I of river erosion pure and simple, unaided by atmosiiherio 
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moisture during lai'ge part of its coiirse. Tlip wall! 
ravine below the falle deacribed by Livingstone are vertioiJJ" 
like those of Colorado Cafions, imd for tiie aarae reason ihaib 
the dry atmoaphei-e has no irawer of wasting tlie oliffe, and' 
giving theni that sloping form characteristic of the valley 
■walla of temperate regions (Art. 45). The size and permanence 
of the stream t*stifiea to the ahiunlant water supply at its 
source, since evaporation during ita course do^s not affect 
its continuity. Abyssinia is di'ainod chiefly towards tlwrj 
Nile, the streams wbich descend the eastern sloii 
of the same character as that of the African coast li 
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The Arabian shores are not sufficiently known to fumisli 
any infoi-mation regarding the probable annual quantity of 
water they shed seaward. The Abyssinian and Arabian 
coasts are identical in type, the characteristic table- lands and 
valleys of the Afi-ican being repeated in miniature i 
A^tic side. But the streams in the nulhihs arc unc 
ftnd. the water is for the most [lart below the surface. 
Tigris and Euphrates, which enter the Persian Gulf, drain tp 
very extensive area southwarda from the Armenian mountain 
chain which fi'onts the Black Sea,, and boimiled west and east 
by the valley of the Jordan, and the most westerly belt of 
Persia. No district shows more clearly that the area drained 
fey ft river can he spoken of as ita basin only with some 
restriction. The alternately transverse and longitudinal 
streams which imite in the Euphrates indicate that several 
basins, or the convergent slopea which shed their waters 
into one channel, have been opened into each other. If 
the north and south streams are the primitive coiuTses formed 
OS the land was raised, then the basins of the cast and west 
tributaries are secondaiy vMleys, and as such, portions of the 
one great Euphi'ates basin ; if, on the other Land, tlie chains 
of the- Tamils and Anti-Taurus formed the wateipavtings 
■which constitiited the land they bound a water basin, then thf 
Euphrates, which cuts through the southern banier, dn ' 
at least t'wo basins. This is ceiiainly the case with 
Indus, the Ganges, and the Brahmapootra, all of which di 
valleys in the Himahiyan range, or belonging to the Thiboi 
plateau, and bi-eak thioii^'h the soitthoin rampant ol 
^3 
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Himalnyaa to rcacli the low country. The upper and 1<^^^| 
ooui'sea of all tiiess rivers contrast markodlj. The upptA^ 



deacend rapidlj from the high grounds of their sourcea, while 
in the plain they have lower slopea and a gentler flow, 
The drainage areas of these rivers ore together nearly equal 
to that of the Mississippi. 

The Irrawady and the Saluen, which fall into the Gulf of 
MartafaaQ, are the principal streams on the east side of the 
Bay of Bengal. They have not been traced up to their 
sourcea, hut it is probahle that tiiey too descend from, the 
eastern portion of the Thibetan plateau. 

131. Boathern India: Homomorphic with Africa. — ^Xho 
peninsula of Southern Indiii resembles Africa south of the 
Sahara, in consisting of an elevated table-land with steep 
seaward faces, the edges of the plateau rising into hill 
ranges. The plateau averages fi-om 2,000 to 4,000 feet of 
elevation, tlie greater height being in the south. The 
Eastern Ghauts are lower than the Western, which reach to 
5,000 or 6,000 feet on the Malabar coast, while the Nilgheny 
Hills even attain to 9,000 feet. The form of the mass is that of 
a pyramid whose base fronts the Himalayas, and is separated 

L fi-om them by the valley of the Ganges, into which part of 

I the drainage flows, and which waa once the sea channel that 

I isolated Southern India. But the smaller dimensions of the 

pyramid have given to the periodic rainMls a power which 

lias resulted in the formation of streams draining the vhole 

area, and flowing in valleys of denudation often of considerable 

The narrowness of the coast land gives little 

im.portance to these streams commercially. 

132. Table of Relative Oeological Importance of Princi- 
pal Elvers.— The following table has been constmcted witli 
a view to show the relative impoi-tance, geologically, of the 
principal rivers which have been made the basis of investiga- 
tion by those who seek for a standai'd of geological time. 
The known proportions of sediment are assumed to bo 

I those which the rivers would offer if they all had the same 
drainage area as the Mississippi. Of course the stiident 
will bear in mind that enlarging the scale of natural 
phenomena not unfrequently means altogether changing 
their character. He will, therefore, look on this table as 
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showing tlio relative, not tlio aTjsoliite, iirojiortioiis for i 
respective districts ; — 



Mis^aippi,.. 

Ganges, 

Hoang-Ho,... 

Rhone, 

Danulje, 

Po, .. 



Nith, 

Tay 

Thames, .. 

Forth, 

Clyde,.... 
Boyno, ... 



7.439 
15,9-20 
28,908 
27,000 

ti,20S 
fiT.:iSO 

2. 807 
22,491 
11,S80 
12,7'10 

5,803 
20,208 



133. Pacific Basin: Eastern Asia. — Thu Pliilipijine Archt I 
pelago, lite ttat ot tl:e Wcat Indies, lies to tbe ea^t of the ' 
barrier — here, however, incomplete^ — which sepamtea 
ocean areus. The di-ainage of the islands, inBigiiificant for the 
moiit part, poura into one or other ocean in varying quan- 
tities. Thus, while rain falla in Java well nigh throughout 
the year, and is copioiis to the east of Timor, the ai-ea 
between Timor and Java, including the eastei'n part of Kent 
Island, ifl dry, the winds blowing over Auatralin, acting 
towai-ds them aa the Saham to tlie noi-th coast of Africa. 

The eastern di-ainago area of the continent widens ateodily 
from the extreme north-east till the sources of the Hoang-R o 
ai-e distant fi-om the coast line 25° of longitude, while tlvu 
axis of the Malayan peninsula forms its boundary in the Bouth. 
Aa tbe area widens, the low gi-ounda increase in extent, and ar» _ 
travei-scd by numberiess sti-eams, which give the region gi-eat-l 
fertility, and are thenaaeives of commei-cial importance, froih-f 
the ease with which thoy can bo oiiencd into each other, 
canal Bystom of the Chinese Empire enabling every inch of-J 
tliat vast area to be pi-oductivo. The Hoang-Ho, t!io Yang-^ J 

>-Khuig, and the Anioor, aro the thi-ee grand strct 

Tlio princifial facts concci'niiig the YtllQW Rv;« 
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have benii already stated ; tlie Yaug-tze-Eiang, or Bluo Xq^H| 

has a course of 3,600 miles, and is connected with the Hoat^' \ 

Ho by canals ; the Amoor has a very tortuous course of 2,600 

miles from its source S.E. of Lake BaikEiI, and is navigable 

, by steamera for 2,200 miles. The floods of the TeJIow River 

, show some peculiarities, of which no adequate explaiiatum 

. has been given, the possibility being that while the excess 

of water is in some places spi'ead over swamps, the junctidd 

I of other streams, whose history is not known, supplies at the 

flood season an equivalent for the water thus lost &om the 

main channel. The interior of China is accessible for 900 

m.i]es by vessels — for the upper 300 miles only by those of 

pmall size; hut far beyond tliat limit water trans]H»rt ia stilt 

possible. The Song-ha which enters the Qulf of Tonquin, 

and the Camboja, which enters the Gulf of Siam, Imve their 

head watera connected by a '''^"''1 

184. Eastern Shores of the Pacific. — The narrow strip o£ 

land which skirts the base of the longitudinal mountain chaia 

is intei«©cted by many streams, the watera of which are moro 

copious than, their length would lead ua to expect But tho 

. catchment basins in the mountains are many and deep; and 

' the Pacific watershed ia enlarged by the transverse Tttll^fB 

! which drain the great longitudinal valleys seaward. Tils 

' abundance of the water supply at the Boiirees is testified, as 

' in Africa by the Zambesi, in North Ameiica by the Coloi-ado, 

which flows as a large stream through a more aiid region, and 

enters the Califomian Gulf, which is, in truth, the submerged 

southern end of a longitudinal valley. The atreanis of 

Southern America are short, rapid torrents. 

186. Anstralia, — This fragment of a continent, homomoi^ 
phic with Africa and Southern India, still resembles the 
former in the fewness of its rivora to the north, and their 
greater number to the south of the centi-al dry plateau; the 
northern sti-eams are, further, like those of Africa in their 
variable character. The Murray Eivor, the largest of the 
southern streams, receives the Macquame and Darling Rivera, 
and thus drains the inland vei-sant of the Blue Mountains 
towai-ds the west and south-west in such a way as to suggest 
a river that once flowed into the central basin of a oontii 
I which is now euhiaergod. 
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The atrefima of New Zealaad lU-e simple; but those of the 
South Island, whose sources are in the glacier gi-ounds, are 
slowly extending the fertile low grounds eastward; while the 
dangers attending their floods promise to advance our know- 
ledge of river phenomena hy the engineering precautions 
which the increasing value of the territoiy requires. 

136. Continental Rivers, or Rivers of Inland Drainage. 
— Hitherto we have spoken only of the rivers which enter 
the sea; but a large quantity of the drainage of the laud is 
directed to the interior, forming hikes whose indefinite 
growth ia arrested by evaporation; nay, even their formation 
is in some cases prevented, and the streams are dissipated in 
the atmosphere without accumulating. These areas of in- 
ternal drainage ai-e the interior of Africa, north and south of 
the equator; the centre of Asia, north of tlie Himalayas; the 
Aralo-Caapian area on the coafiaea of Europe and Asia, 
though it would be perhaps more simple to regard as one the 
great tract from the Black Sea to the confines of Chiaa. 
But the area is divisible into two, Aralo-Caapian area noting 
a, tract only recently separated from the Mediterranean, while' 
the r«st of Central Asia consists of plateaux, which rise to 
1 T.OOO feet above the sea level The Volga and Oural are the 
lai^gest rivers which enter the Caspian from the north; the 
ibrmer having a course of more than 2,400 miles, and drain- 
ing an area of 550,000 squai-e miles on the west of the Oural 
chain, while the Oural has a coiu'se of half that length in th0 
east. The Aras (Arases) drains large part of the Caucasua," 
while the southern shores receive the torrents irom the higli 
lands which bound the Iranian desert to the north. On the 
east the streams are few, and confined to the exti'eme nortb 
and south ends of the lake, unless the overflow of the OxdA' 
reaehes the Caspian about 39° lat, K. Tlie noithem and' 
•onthern extremities of the Ai-al Lake are the only points a1t< 
which streanis enter^the Amu Daria (Oxus) being at the 
Boathem, the Syr Daria at the northern end, 
' It is impossible in the present state of our knowledge to 
^Te any details regarding the number and size of the streams 
which lose themselves in the deserts, Buoh as the Salt Plains 
vfif Iran, In which the river disappears that passes Ispahan. 

" I hietorj' is a euhject of great interest, since the c\ia.KQ.iJa 
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in which water is always prosont on the margina c .......i. — 

wastes exhibit aa amount of ei-oaion only explicable on ibe H 
supposition that they are the valleys fa^ioned imcler other 
climatal and geographical conditions, the date of which i 
yut be ascertained. 



BECTION U.— WATEIl IN THE INTERIOR OP 
THE EAETH. 

L-ikea : tLeir ClaaBiflcfttion — Lakes Formed by Irregnlur Surface Ao- 
oamtilationB : by Overflow: by ObetruetionB ; by Qlacioi- Eroaion : 
by Subterranenu Etuaion : in Areas of Subaideuce : by Ei«vlltion 
—Continental Lakes — Analysis of Lake Watera— Ancient Lakes 
iind LacuBtrine Areas — Filling up of Lakes. 

137. Lakes; their ClaBsification. — It is impossible to 
separate the rivera of inland drainage from lakes, since the 
conditions which detei-niinc the former are the same us those 
■whiuli allow of the fowuatioa of the latter. 

A lake is a body of fresh or salt water which has eo outlet, 
or whose superficial area greatly exceeds that of its outflow. 
In these, as in all other natui-al phenomena, it is exceedingly 
difficult to draw a sharp line of demarcation, ond it may be 
asked if the Sea of Azof or the Baltic are bo be considered 
as lakes. The only possible answer is that they hover on the 
border Between sea and lake, and that the existence of tidal 

I movements may be held to constitute a real difference. 
Po])nlar speech has acknowledged the difficulty; for the fiords 
of the west of Scotland are called Jochs, and the distinetian 
between gulf and lako is evanescent when we find that Loch 
Fyne has a shallow but broad mouth, that the Garaloch has 
a shallow and narrow outlet, and that the shallow and nar- 
row outlet of Loch Lomond is some miles from the estuary, 
a difference of elevation giving to each of those three their 
distinctive characteis. 
Lakes may he chissified as follows: — 
L Lakes which occui>y hollows in siiperficiiil accumida- 
tions— 
], Lakes formed by ivrcgularily at siitfaco areiiiimlidion, jib in tbe 



^^H hollows formed by cosQueat mounda of Bond and grnvel; i/^^^M 
I coDtignaaa moroioic moaads; or by saad or BUuglu liara on 
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S. L^DB formed by obBtrnction, which may be (n) temporary when 
B glacier blocb tlia month of a lateral valley; or (^} oE greater 
duration when alluvial gravel or a moraine chokes up t 
valley, or when a lava stream crosses a river bed ; (t) lakes tt 

ir. Lakes which iie in rock basins — 

3. Lakes formed, or at least deepened, by glacier ert 

4. Lakes formed by subsidence : («) whea soluble strata have been 

washed away, lotting down the surface; {h) when subter- 
ranean movements, as earthquakes, allow the sarfoce to 
aubaide. 

Lakes formed by elovation, as may happen when the mouth ol 
vaUoy in a diatuvbad [liatrict is cluscd by upUeavaL 

Lakes formed on plateaus, as io equatorial Africa, Aaia, i 
Australia. 

This classification cannot bo rogaitied as petfeet, since atch 
of these gronpa may merge into anotherj tlie last three being 
jierhftps reducible undev one. 

138. Lakes formed by Irre^arity of Surface Accmnu- 

lations, — The sand and gravel moiincis known 03 eskcrH, 
iisiir, or kames (kaims), frequently unite so as to smroimd 
cupB or grooves in whieh water may lodge, fonniug small turns, 
as among the great giuvel moiuida of Carstaira, in Lanark- 
shire, lliis alao happens among the close-Bet monuuic mounds 
of glacier valleya. Lagoons are formed by etorm accumula- 
tions of sand or gravel parallel to the coast, or by the irregu- 
lar depoait of the materials of a delta, as in that of the Rhone, 
the Hangs being due to both of tlicse pvocesaea. Lakes of 
this class are few and insignificant. 

139. Lakes Formed by OtratmctionB. — The parallel roada 
of Glen Hoy, which are the successive beach lines of a siaking 
lake, illustrate the efiecta of a temporary obstruction, such as 
is seen at the present day in tho Maijelen See, tlie barrier of 
■which is a glacier moving across the mouth of the valley. 
Such a barrier is temporary in this sense, that it depends on 
climate, an increase of annual avci-age temperature causing 
its disappearance, whereas dotrital barriera are not ho re- 
movable. Lakes in the couree of livers are often due to 
inequality in iho texture of the sti'ata ihcougU 'n\i.v:\ ^i\i& 
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cLinncl is worn, in consetLuence of wliicli only a narrow 
groove b cut with, difficulty, while above, tho softer strata 
have allowed a wide valley to be foimed. The waters heJd 
hack above the bunier widen the space in which they are 
contained. But such lakes are ohviously of recent origin, as 
iliey are of necessity temporary, since the river sediments, 
(Speedily deposited in tho stiller water, tend to fill them up 
and convert them into alluvial plaioB. Some of these lakes 
ai'G of considerable inipoi-tance, and should perhaps be referred 
to the third group, since their featui-es have been, in many 
cases, exaggerated in temperate regions by the travelling of 
glaciers down their hollows. Shallower lakes arise by the 
deposit across a valley of a niasa of detritus by a tributary 
Stream; and the same result follows when a glacier pushes ils 
moraine so as to occlude the channel of an adjacent stream. 
Ent the grandest examples of such obstruction are to be 
seen in America, where the pre-glacial river channels have 
been filled up with boulder clay, the moraine profoiide of the 
contineutal ice-sheet; and, on the disappearance of the ice, 
the rivers resumed their previous coui-ses. Ab has been 
already stated, the great size of Lakes Superior, Michigan, 
Huron, and Erie, is pi-obably due to this cause, the oblitera- 
tion of their south.wM^ channels ending in their overflow into 
the St IjawrencB valley. Scropo describes a rare case of 
ifae Lake of Aidat, in Auvergne, formed above a lava stream 
wldch crossed the bed of the river. 

To tliis group ought to be referred lakes of overflow, where 
the bed is too small for the flood waters which pour over on 
the adjacent lower ground. If from any cause the flats into 
■which they pour are limited, a lake may result which will be 
alternately filled and emptied as the river rises and falls, till 
at last the river banks may be raised so high that a permanent 
eheet of water is formed, and this event may be secured by ' 
ihe obstruction of the oiaunel of overflow, as in Louisiana, 
where I'afts of wood sometimes Btick at the mouth of the 
breaches in tho river bank. 

140. Lakes of Glacier Erosion.— Tlie temperate regions, 
America north of 45° N'. lat., Sweden, Finland, liussia, 
Scotland, and Cumberland and Wales in England, at the 

Ltijiodea (^ew Zealand), abound in lakes, whose limita- 
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^■Won to the leatling lines of the valleyB of the countiy " 
ia Buigularly close. Professor Eamsay has proved that to 
the action of ice n very large number at least of these lakes 
is directly dwe. The evidence in support of this view is, 
first, that the lakes occur in the line of extinct glaciers; 
second, that the deepest part of their basin ia below the level 
of the channel beyond the outlet; third, that at least in many 
cases the outlet ia through or over a barrier of rock, whose slope 
down towai'da the deepest part of the lake is more rapid than 
that of the up^er portion of the lake floor. It ia evident that 
water, even running watei", has no power to excavate its channel 
deeper at one point than at another, more especially when 
there is not merely a considerable difference of depth at 
various points of the lake bottom, but, in a large number of 
cases, the deepest part is below the level of the aea. A lake, 
in fact, cannot make its own basing it cannot deepen its own ^_ 
basin in the same way that the Lake of Geneva or Lodk.^^H 
Lomond ia deepened; its only power is to^widen its vall^ ^^H 
by wearing away the baidcs at its margin. It has been ^^H 
suggested that many lakes are iu the position of former frao- 
tures or dislocations of strata; but in very few cases, if in 
any, is there discord between the strata on opposite sides of 
the valley. There has been therefore no relative displace- 
ment of the mass, such as constitutes a fault; and, even if 
suoh difference exists in some cases, it would be necessary to 
prove that faults aa a, rule coincide with the line of valleys. 
But, though instances of such coincidence may be found, 
lanlts, as a general rule, traverse a country veiy irregularly, 
their dates of origin being anterior to, or subsequent to, the 
formation of valleys, and their lines without the slightest 
relation to these results of denudation. This question has 
already been discussed in treating of the origin of valleys; 
its specaal application to the case of lakes is required, because 
it has oven been su^ested that lakes have been in some cases 
determined by the fissure of a fault. But such disruptions of 
solid rock do not occur as open fissures at the surface of the 
ground, the mode of their formation {Art. 26) rather making it 
obvious that the close approximation of the fractured surfaoea 
18 the rule; and, though it is quite true that such a fracture 
]xao would be a line of weaknesa, and therefore BMffiinEhtA ' 
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determino the coutfic of the eti-cam along it, if tlio £ 
was parallel to tlie slope of & plain of Jenudation, it moat ' 
be rememberod that such coincidence cannot be expected 
to have been very JVequciit, and, even when it did occur, 
it would rarely hapjicn that the line of the faidt and the 
■course of the pidmary streamlets coincided. 

If we take as an example the large lakes or lochs of the 
West of Scotknd, we shall find that in Loch Long the great- 
eat depth is not in the centre of the loch, [but alteiiuttely 
nearer to one or the other aide. Es]^)eciftlly ia this the cose 
below the point at which lioch Goil joins the main valley on 
the west, where the deepest water ia foimd below the clifls 
on the east side. From that point the water slowly shoals from 
48 fatlioms to 34 near tlie mouth of the loch, the deepest 
water being thus found about 6 or 7 miles from the Clyda 
In the Gareloch, a vestibule of shallow water exists outside 
the barrier, so that the 21 ftithoms found within the baniei' 
i-epresonts a greater depth than is met with in the Firth, of 
Clyde for 4 miles farther down. Near the mouth of Xjoch 
Pyne, again, a depth of 104 fathoms has been ascertainedj but 
the opener water for some miles below the point o£ junotion 
with the estuary does not show more than 86 fathoms. In 
ftll these cases, then, we have rock basins, as they have been 
called — that is to say, lakes resting in hollows of the solid 
rock — whose greatest depth exceeds that of the channels into 
which their surplus waters are poured, and whose outflow ia 
over a barrier of solid rock, not of mere superficial detritus. 
The same facts are illustrated by others of the West Highland 
lochs, it being specially noteworthy that the tine of deepest 
soundings is deflected at thepointsof junction of two valleys, 
and foUowa also the course which a glacier would have followed 
in. the main valley, approaching alternately to one or the 
other shore. The e.tample by which Professor Eamsay 
established his theory — that of the Lake of Geneva — is that 
of a hike 933 ft. in depth at its deepest part, which ia nearly 
in the centre; a glacier entered the lake with the thickness 
of not less than 3000 ft., and thus exerted on the com- 
paratively soil rooks of the bottom an enormoi?a vertical 
iressure, which greatly increased the eroding power confen-ed 
^ tha /oriraitl movement of tJie mo.a3. But, t-om the poiut 



^^raBre thia gnndiiig action waa greatest, it must havo diiniil- ^^^ 



tere this gHndiiig action was greatest, it must havo diiuiil- 
ished in proportion as the ice y/as melted, in tho enme way 
tbnt, at the present time, tba lower extremities of glaciers are 
thitmer tlian the iipper; hence tlie friction which, if continned 
■with, equal force, would have sufficed to giind down a, whole 
valley to the same depth, waa arrested, and left a hollow, 
which, when the glacier retreated to its present limits, became 
filled up with water, and the Rhone now flows out of the 
lake in an ordinaiy river vaJley, It must not be supposed 
that" this theory is applicable to all lakes ; all that is contended 
for is, that it solves the problem of the ocouiTeoce in so many 
legiona, whew) ice baa formerly existed in considerable 
quantity, of deeply excavated basins, whose floor is below the 
level of the channel of outflow, and in many cases also bchwr 
— it may be considerably below — the level of the Bea, 

141. Lakes Formed by Subterranean Erosion.— A fe*. 
lakes, of small size, arise in some low-lying districts in i 
sequence of subsidence, after the removal of some of 
underlying bodies of rock; thus, in limestone districts, under- 
ground channels fi?eciueutly exist, the calcium carbonate 
having been slowly washed away by watei' containing de- 
composing organic matter; and the subsidence consequent 
upon the breaking-in of the roofs of these undei'ground 
channels not merely creates a depression, but, by blocking 
up the subterranean watercourse, forces its contents up to 
the surface. The removal of solid beds produces a similar 
effect, whether the removal ia natural, aa in the limestone 
districts and whei-e beds of rock salt have been dissolved, 
away, or ai'tiflcial, as where subsidence follows 
oi>eration8. 

142, Lakes in Areas of Subsidence. — The Caspian Sea, 
lake, as it ought sti-ictly to be called, covers an ai'ea as largo 
as Spain, its length being 180 miles, its average breadth 210 
miles, and its maximum depth 3,000 feet. Not merely is its 
Bnrface 83 feet 6 inches below the level of the Black Sea, 
but if the barrier between the two were submerged, a vast 
tract of land would be beneath tho waters, including Astra- 
khan and Orenburg. There can be no doubt that this great 
basin is one of tme depression, in which tho Aral Lake has 
to 8QUI0 extent ahared It is about one-fifth oE tiie ai:ca. «i 
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the Cus])iau; it is 120 feet above tte level of that lake, and 
37 feet uboye that of tha Black Sea. Its mR^mnm depth, 
flfi feet, ia towards the ■western Edde, the eastern portion being 
shallow. The Dead Sea occupies the Boothera end of e, 
longitudinal valley, the nortLem portion of which is drained 
by a atream which cuts across the valley wall at Belfort, and 
enters the Levant. The Jordan passes through the fresh 
■water Lake of Tihei-ias on its way to the salt Dead Sea, 
■whose surface is 1,300 feet below the level of the Mediter- 
I'anean. The deepest pai-t of the lake is towards the north 
end, whei-e it is 1,308 feet; at the south end it ia only 104 
feet. Probably many of the lakes in the interior of conti- 
nents owe their oi-igin to slow subsidence; but, in defect of 
evidence, it is safer to speak of their relations withont specu- 
lating ou their origin. One of the beat examples of lake 
formation by rapid subsidence is that of Missouii, in which 
State the earthquake of 1811—12, felt over an area of 300 
miles north and south, let down a tract of TO to 80 miles 
north and south, by about 30 miles east and west. Thus the 
Sunk Countiy, near New Madrid, is only one of several such 
depressions in that region, and the cause is still visible in the 
trenches and sink holes which ■were opened at the time of 
tiie convulsion, water and fragments of rock being forcibly 
ejected from the latter. The White Water poura into the 
lake, as does the Mississippi when high in fiootl. 

To this group may be referred a certain smal! rnimher of 
lakes, never of any very great size, which occupy the ci-aters of 
some extinct volcanoes. Their waters are either derivpd from 
atmospheric sources, or they are filled from below by subter- 
ranean channels. In Trinidad, a lake was formed on the 
western coast by the subsidence of a patch of land, the hollow 
becoming filled with a small lake of fluid bitumen; this pro- 
cess having likewise probably originated the gieat Pitch 
Iiake of that island. 

143. Lakes Foimed by Elevation. — Some of tlie lakes 
found, for example, in the Andes at a height of 12,000 feet 
may represent local depressions, or, as is possible in that 
disturbed region, an upheaval of port of the valley floor may 
have blocked the valley and converted it into a permanent 
land-locked btuin; but evidence is wantmg on tlu3 suliiject, 
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and the explanation ia suggested becaiiso tlie general features 
of these valleys stTOngly resemble tliose of ordinary valley* 
excavated by rain and rivers. To this gi'oup belong Lake 
Titicaca and its analogues in the AndeSj and Salt iLake in 
the Rocky Mountains. 

144. Continental Lakes. — A large number of lakes cannot 
be referred with certainty to any of the above-mentioned 
groups ; the topographical details, as 'well as the geological 
structure of the areas in which they occur, being unknown or 

I imperfectly known. The gi'eat l^ke region of Africa is 
poBsiUy in an area of subsidence, at least in part; but the 
origin of each particular lake is unknown, as their relations 
to each other are still obscure. Lake Tchad is variable in 
its dimensions, being in some seasons a shallow lake covering 
upwards of 200,000 squai-e miles, at other sensons reduced 
to a maTKh, connecting pools. The country in the midst of 
■which it lies is a wide, grassy plain, the monotony of which 
ia scarcely interrupteil by a shrub. If the definition of k 
hike involves the idea of a special basin, Tchad scarcely 
fulfils this condition. The temporary lodgment of water on 
the surface of a plain is a fi'eqnent occurrence on the plateaux 
of Africa, Asia, and Australia, and the former existence of 
such sheets in regions now too arid for the development 
even of a marsh, is proved by the fnlt incruatationa oa 
tlie Eia'lace left on the evaporation of the water. The 
following are the principal lakes of Eiiuatoiial and Southern 
^Airica: — 

^^^_ Belghb above Sea. 

^^HmetoriiiN'Yansa,... 3,740, or 3,303, Spi^ke. 

^■Ktowrt N'Ybdzo, 2,TS0, Backer; 2,600, Buchan (computed). 

liembo, 2,SS0, Livingatuuc. 

Bemba, 4,000. 

NyaBsa, 1,622, Kirk. 

Whether Tanganyika is in connection with Albert N'Yaaea, j 
as Baker was informed by the natives, or is distinct from i^ 1 
as Livingstone behoves, rests still {1873) on the accuracy of I 
the ohsei'vationa of height above the sea, in defect of thd 
practical solution by success or failure in the attempt to pass 
from the one to the other. The conflicting sta,temeii.te \im^ 
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into prommenca one fact of gi-eat interest, namdy, that tlia 
dimensions of Tanganyika vaiy witli the season. Tliat its 
waters are fresh, points to its having some ontfiow fi-ee 
enough to prevent the accumulation of salt in a region ■where 
that is the most frequent result of evaporation. Tho lakea 
of the Asiatic high grounds have probably voty varioua 
origins, some lying in glacier lines, others on the platea,ux, 
while others are perhaps due to movements of diatuibanoe 
which have altered the level of the valley bottoms. The 
Australian continent has great sheets of water in the interior, 
their limits being variable, as in Africa ; but their extent^ 
comparative fixity, and association with lakes whose supply 
is permanent, are points on which there is not yet precise 
information. 

145, AnalyfllB of Lake Waters. — Ramsay gives {Nature, 
voL vii, p, 313) the following table, illustrating the composi- 
tion of the salts in the wat^r of partially and completely land- 
locked basins, and the last column shows the competition of 
those obtained from tho Old Well, Bath; — 
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From these figui-es it appeai-s that thei-e is a diminution ia 
the proportion of coqimon salt from the Mediterranean to tho 
CiiS])ian, and tbat the waters of, the Dead Bea contain a 
relatively enormous qiiantity. The former fact is intelligiblo 
when it ia i-omembered that these seas receive a very lavgo 
supply of fresh water from rivei-s, and the latter aoquix«a 
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interest from tlie cu'cumstanco lliat the sole afQueat of tkft. 
Detid Sea ia the Jordan, which Aqwb out of a fresh watw 
lake, that of Tiberias. 

Lakes have been divided into groups — those which have 
outdow, and those which have not This simple grouping 
correapotids in some respects to the difference between salt and 
fresh water lakes. But as the saline character varies, tlio 
Caspian and the Dead Seaa being veiy unlike in this respect, 
the lakes which Lave no outflow may perhaps be divisible 
into those which have an abundant supidy of fresh water, 
and those in which it is small relatively to the size of the 
hike. Since salt is found crystallized or efflorescent wherever 
sheets of fresh water have evaporated, as in the steppes of 
Bussia, t!ie plains of North Persia, of Afiica, America, and 
Australia, the facta of the Jordan valley justify the pro- 
visional generalization that when a lake is fresh the pro- 
bability is that it has a steady supply and discharge, even 
though the latter may be secured by percolation through 
fissures in. its basin. Much stress cannot bo laid on ^o 
apparently exceptional cose of the Caspian, for though that 
lake was probably satter when its separation fi'om the Block 
Sea. was accomplished than it now is, thei'e is reason to 
believe that its saltness is increasing, evaporation lowering 
its level more rapidly than the freah water is poured in, 

146, Ancient Lakes and Lacustrine Areas. — Guided by 
the analogy of existing formations, Mr. Godwin Auaten first 
suggested tliat the old red sandstonG de]K>sitB represented 
lacustrine formations on a large scide. Professor Hamsay 
lias applied this su^estion in the investigation of several 
geological formations, and has succeeded in showing the pro* 
bability that most of the red coloured strata have been formed 
in lakes or inland seas. The red colour due to the presence 
of salts of iron cannot bo explained on the supposition that 
these sti'ata represent accumulations in the open sea, sinco 
all marine strata with which we are acquainted are of variona 
hues, but never red. It is scai'cely to be expected that a depoat 
of peroxide of iron shoidd take place in the ocean, since its 
diffusion wonld certainly be immediate. In many lakes, aa 
in those of Sweden, peroxide of iron ia deposited j and the 
old red sandstone^ at Jesst of the Scottish type, ia an e^ 
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ingly local formation. The area wLicli it covers 'was prft- 
baWy limited towai-ds tLe Boiith by a baiTier of land, whidi 
Bta-etehed aci'oaa England fi-om east to west, and -which, i! 
pi-olonged, would pass to the sonth of Ireland. This bawier 
was an important one in the carboniferous peiiod, nerving to 
isolate twodistincttypes of coal fonnations, though these teiTes- 
trial or BWampaccumulations are not so distinct from each odie» 
as the comparatively unlossiliferous old red mindstoues to &e 
north of this line are fi-om the truly marine and abundwitly 
fossiliferoua deposits of the devonian aeries to the south of lia 
British Channel. Theoldi-ed sandstone rests conformably upwi 
the upper Silurians, and the transition irom oae to the otliw 
formation is effected by alternations of gray and red stnto, 
"which gradually culminate in the entirely red sandstones. The 
difference in tint likewise corresponds to a, differenoe in 
organic contents, and with, the gi'ay beds the characteristiB 
Silurian fossils disappear. The life of the old red sandstona 
consists of vegetable remains of terrestrial types, of abellR 
which are closely allied to &esh water families, aijd of gai 
fishes, whose modern representatives ore confined to the fresli 
waters of the Nde, the North American rivei-s, the liven 
Australia and of South Africa. The paucity of life on 
whole is i-emarkable ; the small size of such shells aa do ooonr, 
and the abseuce of characteristic marine remains, give pro- 
bability to a hypothesis which rests to a cousiderable extent 
upon physical and chemical grounda. The perm inn atnita 
present very many of the same characters; the shells are few 

number, the remains of amphilrians or terrestrial reptjlea 

a abundant, their footprints being conspicuous where all 
ti'aces of the body have disappeared. Such plants as are met 
with* belong to t^n-eatrial types; and, when all these ara 
considered, along with the fact that magnesian limestones 

ur in large quantity — -the magnesian carbonate being de- 
posited by evaporation — -that gypsum occurs in coasidsrablo 
quantity, and that |jseudomorplious crystals of rock salt 
indicate evaporation in confined areas, while jteroxide of iron 
gives a characteristic tinge to the beds, there is good I'sason 
to believe that in the permian we find evidence of the exist- 

;e of a confined basin, not necessarily a salt sea, but oae 
which, like the Caspian, may Lave gradually become moi« 
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Btilino. The sarne reasoning ■would apply to the carabrian 
and other red-coloured piilieozoic strata; but the corroborer 
tive evidence denved from the character of the fcissils cannot 
be obtained, in consequence of the email amount of unaltered 
Cambrian Gtrata now exposed at the surface, and the gi'eat 
metamorphism to which the deposits of that age, in England 
and Ireland, have been subjected. 

147. Pilling up of Lakes,— The history of a lake basin 
subsequent to its formation is very simple. Every tributary, 
as well as the main Bti-eam, carries down its contribution of 
detritus, and if the lake is of any size, the sediments have 
time to subside, at least to a considei-able extent, before the 
waters reach the point of outflow. Delta formations com- 
mence, and gradually cfirry the mouths of the streams fnrthur 
out towards the centre of the lake, till at last they join the 
main stream as it flows through the swamp, which the shallow- 
ing of thewater bydeposit tends to form. Thereafter wo shouid 
have a river flowing through a plain of alluvial materials, and 
joined by tributaries at various angles. This ia the explana- 
tion of the frequent occurrence of alluvial plains at various 
levels in the course of streams. The subsequent events are 
identical with those that take place in the plains of open 
grounds, the river gradually cutting its channel deeper into 
the alluvial soil, shifting its position from time to time, and 
thus at once deepening ita own bed and slowly lowering the 
general level of the phiia. 



Conditions whicli permit its Presanoe — Springs due to Pcrcoliition, 
or Connection with Volcanoea — Water Supply of London — Limit 
of Satnration— Pollntion of Water— Retentive Power o£ Strata 
due to their Character, or to Snbjaccnt Strata — Lodgment of 
Water— Leakage of Snbterranean Raaervoira- Artesian WeUa— 
Yield of SpriiiHS— Contents of Spring Water— Minerai and Ther- 
mal SpringB-SprinBS in YeUowatone Valley— Thermal Waters 
in England — Iceland: Theory of Intermittant Springs— Periodic 
Springs — Franca and Spain — Biachora ClassiKcation of Springs 
— Examples of Springs Geologically Int-aresting ^Petroleum 
Springs — Undergwund Rivera ond Cavema— Contcnta of Cavcafl 
— Lnndslipa. JH 

S3 ». ■ 



9 

iau^^l 



r 



173 rnTEiCAL geography. 

148. The Conditions wlLiob permit its Presence.— 
Hitherto wo bavo treated of water in the form of extensiTt 
Bheeta — oceans; of Branllnr eheela — lakes aad inland Beas' 
and of the ti-ihntarica of these — ^rivers. We have now id 
consider the wiitcv hold in srspenaion in the atmosphere, and 
tho various forms under which it returns to tha eai-th. In 
the present aection wo sluUl apenk of the eirenlation of watei 
in the interior of tha earth, its morementa, its properties, 
and its results. The quantity of water which sinks into the 
soil ia oljTiousIy proportioned to the porosity of the surface, 
and to the length of time during which it is i-etnined on anj 
partionlfti- point. Thus, if water ialJs on a rock suifaco, the 
greater part of it flows off directly; if it falls on sand— snp' 
posing that the sand is not overheated, OS is that of tlit 
deaci't — it sinks in, and descends vertically, untii it ic 
arrested by somo loss porous sti-atum, 

149. Spring exclusively due to Percolation, or Conneo- 
tion with Volcanoes. — It may bo said in general torma thai 
thei'o is a subterranean circulation parallel to that on th( 
enrfaoe; and, if there were no curvatures of the strata Emcl 
OS have been described, we should expect to hnd the lai^esl 
quantity of subterranean water in the low gi-ounds. 'JHu 
escoptious, however, to this general statement give rise to ( 
large number of varieties of springs — varieties both as rogsidl 
their origin and their chemical properties. Those springl 
which are moi-e or less intimately related with volcanii 
phenomena illuatrate two different sets of conditions; in iht 
ono case the springs are directly due to the Tolisiiiic action 
ftnd in the other they ai-e only modified liy the vicinity o 
Volcanic activity. "Water which sinks into the soil ia eithe; 
retained by the strata into which it posses, or, if the quantit; 
of moisture supplied is in excess of their retentive power, i 
escapes directly, but unseen, into livoi-s or the sea, or aint 
to stiil lower levels, or issuBS at the surface in the fona o 
Bprinffs. 

150. Water Supply of London.— The histoiy of the city o 
London illustrates, perhaps better than any other case, a 
once the economic importance of underground water supply 
and the pi-inoipal geological features upon which tliat auppl 
depends. The valley in wliich London is situated is boiuido 
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to the noi'tU ty the outcrop of tlio clialk in Hei-tfordBliire, to 
the soutli by the outcrop of the clinlk in Suiroy, and in the 
hollow thu3 fonncd lies the IwOndon clay, a mass of lower 
eocene strata. A vertical section beneath Londoi 
through the following strata : — 

Bagahot Bed?, 

London Clay, 

Woolwicii and Reading Egda, 

Tbauet Sanda, 
and tliese rest upon Cliolk. 

Thus there is on tha surface a pei-meablo stratum of gravfli 
from 10 to 20 feet in thickness, resting upon tenacioua olay 
of from 100 to 200 feet in thickneaa, while beneath this 
retentive mass 70 to 100 feet of sands and gravel are inter- 
posed, and the subjacent chalk is itself also porous. The 
gi-owth of the City of London has Iveea det«rniined by this 
upper gravel mass, for the ease of obtaining water supply 
fixes the population necessarily on its surface. Whore, to the 
west and north-west of London, clay is exposed at the surface by 
denudation, population for & long time was arrested, until 
artificial water supply was obtaino(L Again, the river and 
its tributariea are bordered by a lower lying bed of gravel, 
and on this again a line of villages sprang up. Tlio popula- 
tion became continuous, and extension into the adjacent dia< 
tiicts was possible only when wat«r was conveyed from a 
distance by conduits. Again, the northern, heights of Lon- 
don are composed of sands from 30 to 80 feet thick, which 
readily yielded a sufficient number of wells for the villages 
which formerly occupied these sites. To the west, where the 
Bttgahot sands increase in thickness to 300 or 400 feet, tho 
depth to which it would have been necessary to sink for water 
prevented those localities from being occupied. Finally, 
whore the sands which underlie the London clay crop out nt 
the surface, the line of outcrop determined another series of 
villages. There ia therefore a trough in the centre of which 
a large quantity of water accumulates, pai"t of it being abovo 
and part below the level of the river and of the sea. Tho 
water sinking through the gi'avel which borders the river has 
its level determined by that of Uie adjacent ctream, and tlu9 
surplus would orei-Jlowat tbo Snrfaco if Ml opening -wcni 
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vided for lis escape. But if, either by drouglit or by an . 
excessive withdrawal of water through these wells, the quan | 
tity contained in tho porous strata ia very much iliminished, | 
then the level will sink correBpondingly, and none will ove^ 
flow, (Prestwich, Quart. Jour. GeoL Soc, 1872.) 

151. Limit of Saturation. — ^The limit of saturation, there- 
fore, has a very important effect upon the ftmoimt and per- 
manence of water supply. In the centre basin the sands are 
from 100 to 200 feet below the level of the Thames; at 
Greenwich, the basin containing these strata is notched to a 
depth of 100 feet, and below the level of the bottom of this 
notch the London basin is constantly saturated. The chalk 
'a itself permeable by wat6r, but it is comparatively retentive, 
iince a cubic foot has been found to retain 2 gallons of 
■water by mere capillary attraction, and the w^ter is dis- 
charged therefore very slowly. But the chalk ia traversed by 
fissures and broken up by lines of flints ; and although these 
above the limit of saturation are, bo to speak, slow conduo- 
tors of water, the movement below that level is very much 
more rapid — there is, in fact, a tolerably free circulation. 
The gradual drainage, by artificial wells, of the strata above 
the chalk has compelled the peneti'ation of the chiilk itaelf, 
which now supplies a large part of London south of the 
Thames. The water is, as has heen said, derived fi-om the 
surface, tho rainfall being the most important aourcej but 
some is also obtained from the adjacent high gi-onnds, while 
the river, aided by the rise and fall of the tides, dams back a 

I large body of water at and below its own level. 
ISl. Pollution of Water. — It is obvious that, in addition 
to tlie rain, any substances found upon the sutface will like- 
wise flow down into this subterranean resei-voir; and 
attention has heen called to the fact that around London the 
old habit of sinking cesspools has contributed a considerable 
quantity of contaminating matter to the water supply. 
Tliat these mattera ti-avel downwards with exceeding slow- 
ness is ti'ue, and it must also be remembered that the mar& 
distant is the source of the evil fi-om the gi'eat body of the 
water, the gi-eater is the cbance of injurious substances being 
permanently kept haek by filtration ; but tho (Linger is onu 
desei-ving of consideration. 
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153. Betentive Power of Strata dae to their Character, 
or to Subjacent Strata. — The retentive power of etrata 
varies considerably ; the case of the chalk has ali'eady boeit 
mentionei], and tlie sajidstones of the older dcpoaita are pcr- 
Iiaps even more retentive than it. It may ia £ict be eaid, in 
general tei-ms, that the return of the water to the Burfacs 
■would be restricted entirely to the escape between the planes 
of stratification, but for the joints and fissures with which all 
rocks are traversed. In the case of a conical hill, composed 
of nearly horizontal strata of which tlie lowest above thft, 
level of the valley ia very barcl, the quantity of water cfflv- 
(nined in the hill above the hard bed will present a curvs 
which rises highest in the centre, and has its height deter- 
mined by the annual rainfall. In such a case springs might 
be expected to iasas at the junction of the softer and the 
harder rocks. 

164. Lodgment of Water, — "Where the strata are highly 
inclined, and especially where they are finely laminated, even 
though they themselves are not porous, suiface moisture will 
find its way down the stratification planes, and the succe»> 
sive layers of water beconie connected by the joints and fissurw' 
of the strata, so that, following the inclination or dip of tha 
beds, we should expect to find at some point a reservoir, 
whose place might be fixed with tolentble precision if the 
strata curved in the opposite direction so as to form a 
synclinal trough. But in the centre of the trough a fisenre, 
whether due te a fault or to the upward passage of a trap 
dyke, might form a natural drain for the reservoir, and thna. 
the water might esciipe to still lower levels. 

150. Leakage of Suhterranean ReservolrB. — The general 
proposition that a series of {Kirous strata resting upon an im- 
pervious one, more especially when a natmiil trough exists, 
will yield a supply of water, is dependent on the contingency 
of sabterranean disturbances, the existence of which may not 
be indicated by the surface features. But in a series of 
water-conducting strata, a fault line or a trap dyke may have 
the opjiosito efiect of damming hack the water, and thus 
forcing it to escape at the surface, and we have, in such a 
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^Kbe, a natural Ai-tesiitn well. ^^H 

HRlfifi, Artesiaa WeUs.— These wells have derived \^i^a;^H 
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name fi-om the placo in which they have teen so long em- 
ploywl, Artoia, in France. The method of sinking an Ai-tosian 
well ia the same as that by which wo endeavour to ascertaia 
the presence of underground minerals. Augers, ii-on instru- 
ments, are gradually Bimk down by the hand, or, when the 
depth is great, by machineiy, the hard rocks being pounded 
and the debris withdrawn, and when the inatnunent at last 
penetrates into the water-bearing bed, the fluid escapea to the 
surface with varying force and persistenca If the boring is 
arrested at this point, the supply may be pej-mancnt; if it is 
carried still farfiier, the penetiation of other reservoirs may 
yield an inci'eased quantity; hut it has happened that the last 
retentive sti-atiim has been passed thix>ugh, and the 'water, 
instead of escaping a^ the surface, sinks to Etill lower 
levels. The doeiiest wells in England range from 450 to 550 
feet, and tho water which escapea from them comes from the 
chalk hills at least 15 or 20 miles from London. The well 
of Gi-enolle, the bottom of winch ia more than 1,700 feet' 
below the sea level, drains a district above 100 miles distant 
from Paris, its lowest point being 1,798 fset; that of Possy 
is sank to 1,023 feet. Tho dijuneters of these bores are 
various, but the Passy well is 4 feet at the sui-face and 2 feet 
4 inchi3 at the bottom. At ha Chapelle, St. Denis, Mr. 
Prestwich saya tho hore was commenced 157 feet above the 
sea level; a shaft, 6^ fefit in diameter, was sunk for 113 feet; 
the bore thence started with a diameter of 5J feel^ and in 
1S73 had reached a depth of 2,034 feet, with a diameter o£ 
4 feet 4 J inches. It is expected that the lower greensande, 
the stratum below tho chalk, wiU be reached at a depth rf 
2,300 feet. While tho boi-ing usually goes on uninterrup- 
tedly, it happens occasionally that tha auger suddenly sinka 
some distance, and the inference is that the instinuneut has 
penetrated into a hollow reservoir. From such a reservoir 
at Tours wero obtained land and fresh water snails and tho 
seeds of water plants, and in Westphalia, under similar cir- 
cumstances, fish were obtained, these having doubtless come 
trom the nearest streams, situated several leagues away. 
Deaor verified Zickel's obaervation, that fish were obtained 
from the Artesian well in the oasis of A in Tala, in the north- 
eastern part of tho Sahara; and aa theao fish are found like- 
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Vise in the neiglibouruig pools, it is proLable thnt tho pool|^^^| 
Eind the wells 81*6 Ijotli BuppUcd from a, common BuLtermues^^^^l 
reservoir, to which distant streams have contiibuted l^^^^l 
caiiala wider than siitiple fissures. .^^^^ 

157. The Yield of Springs.— The quantity of water which ^^ 
issues from spiings vnriea oonaidorttbiy. Eetentive rock, 
parting slowly with its contents, will yield in temperato 
i^ums a pci-manent sjuing, betraying Siictuationa only at in- 
tervals; thus it has been calculated by Mr. Eeardmore that 
water requu'ea from four to sis months to pass from the sur- 
face to the saturation level in the ciialk, and that the effect 

of the winter rainfall is therefoi-e not apparent in deep springs 
before summer. Henco the supply is practically permaneiit 
under existing conditions, since the extreme effect of a dry 
Bummer and autumn would not be appreciable for sixteen 
months — that ia to say, the storage or resei-ve of water is 
more than eufiicient to maintain the stream till the efiecta tt 
the next minfall ai'e appreciable. More porous atratbl 
through wluch the transmission of water is rapid, are movp 
liable to fluctuations, and even to intei-missions. On the 
other hand, in limestone, where the water is confined to ^a 
plains of stratification, and to the joints and fissures which 
traverse the rock, the delivery ia fi-equently as i-apid as the 
supply, and the spring therefore is dependent entirely on tho 
rainfall for its maintenance. The yield of the Artesian wella 
furnishes interesting differences. Thus tbe well at Fulham, 
317 feet deep, yielded 50 gallons per minute; that of Tours 
disnharged 300 cubic yards of water in twenty-four hours. 
But the force of dischai'ge varies still moiv. In the Sheer' 
^ess welt the water rose from 328 to 189 feet rapidly; but it 
required some hours to ascend to 8 feet above the ground. 
Tile Cliiswick well rosa 4 feet abovo the ground from 620 
feet; and one at Tooting did cousidci'ablo damage, from the 
force of its discharge, when it was pierced. 

158. Contenta of Spring Water.— The watei- seldom 
escapes pure. ApaH altogether from tho contaminations 
aii-eody mentioned as resulting from the ignorance, selfish- 
ness, and carelessneES of men, some wells I'egularly, others i 
occasionally, give forth the dcbiis of vegetables, indicatijig.^^^^ 
that BUi-fiice matters have ii'uui tlmu to time ^ot WXXSik '^S^^| 
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irces. In other cases, solid inorganic mattera ore 
delivered in suspension and in solntioa. Tlie following table, 
drawn uj) by Dr. Fronkland, illiiBtrates the vaiying quantity 
of matei-ittls by weight in 100,000 parls of water, the first 
column representing the total quantity of carbon and nitro- 
gen in the organic matter. Aa the effects of filtration are 
conspicuous in the case of the nitrates, these results must, aa 
Mr. Prestwich remarks, be accepted with caution as indica- 
tive of the original condition of the water;— 
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It appears front this table that the freedom ot ■water from 
organic matter ia in proportion to the depth of the spring ; 
hut the facility with which organic matters scattered through 
the soil are oxidated must be kept in mind; for the conclusion 
that the som'ce of deep wells is pure would be erroneous, 
since the purity is only due to the prolonged filtration the 
waters have been subjected to. 

159. Mineral and Thermal Springs. — While no Bpringa 
are absolutely pui-e, -while the watere always contain a certain 
amount of inorganic matter, the tei-m mineral springs ia 
employed to designate those in which the mineral matters are 
either in great excess, or of a kind not usually met in waters. 
Thus, the silica of the Iceland geysers is not a normal con- 
stituent, nor are the arseniatea of the African springs. Car- 
bonate of lime, again, is present in most waters, but its excess 
in the springs of Auvergne and Tuscany, as well as in those 
U ■wbioh ariBe in limestone regions, entitle these watei-s to 
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separate recognitioa Again, while all epringa of con8idei-abl«] 
I depth have a temperature greater thaa that of the surfacft— *s 
' the increase ranging from V C. ia 50 to 1' in 80 feet dt 
descent, the highest average of those not associated with 
volcanoes being ST-T" C. — thermal springs are those whose 
temperature ia in excess of that proper to their depth. 
Both mineral and thermal Bprings occur for the most 
part in districts where there are either active or extinct 

I volcanoes, or in which earthquake phenomena ai'e of fre- 
quent occurrence, or, lastly, in localities wliich have been tho 
seats of very gi-eat disturhance. 
160. Springs in Yellowstone Valley, North America. — 
The Yellowstone Kational Park of the United States, a 
district about half the size of Wales, presents a combination 
ot phenomena as regards springs which will be moi'e instruc- 
tive than a series of systematic statements. In this area of 
3,575 square miles, recently, geologically Epeaking, one of 
volcanic activity, the sedimentary strata are carboniferous, 
Jurassic, cretaceous, and tertiary, the whole resting on meta- 
morphio rocfes. Volcanic rocks occupy lai'ge part of the area, 
and as these began to be deposited in ternary times, tho 
present replacement of the igneous matter by spi'inga 
issuing from the old eratcre may be looked on ruther 
episode in the life of a volcanic region than a sign of ite 
final quiescence. The floor of tho valley in which Giaidin«:V 
Kiver (a branch of the Yellowstone) flows is covered with a- 
cnist deposited by springs now no longer calcai-eous, and th( " 
slopes are covered with a white cnist 20 to 50 feet thick. 
Tho water now issuing from beneath this surface layer fomu|- 
a stream 6 feet wide and 2 feet deep, whose tempeifttni'e 
65-5° C, but higher up the slope, in basins of 20 to 50 feet 
diameter, whose waters are 05-5° to 72° C Tho calcai-eoua 
epi-ings now active contain, in addition to the predominant 
carbonate of lime, sulphtiretted hydrogen, soda, alumina, and 
jnagnesia- The sUiceous springs are intermittent, boiling, and 
quiet springs. The watera of the boiling springs are alwajB 
at 100° C. ; they graduate into the intermittent by those i&i 
which the water is projected as much as 6 feet at reguiajfi 

Krrala The intermittent are at 100° C. only durinjf^ 
rity, falling to 65° U in the intervals. The (\«ie^ «^V 
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once probably boiling, i-ange from 64'4° 0. to 26° C. ; and it is 
interesting to note that the d<3posit of iron takes place at 
lower temperfttures than 65" C, the eiliceouB ainter showing 
all gnidfttionB of colour, from deep red to the purest white. 
The mud springs vary in temperature and activity; the mud 
contains a large quantity of alum, and ia kept in m.ovement 
by jets of steam which tosa up the pasty niaaa to the height 
of 4 or 5 feet. There is oveitlow in these ci-atera, and in one 
where a jet of steam ia constantly ascending to the height of 
BOO feet, the black mud is about 20 feet below the rim of 
the basin. Sulphuretted hydrogen, makea the atmosphere 
near one spring oppressive. The geyscra are most inten^ting, 
from the variety of tint and form of the sinter with which 
their orifice of outflow is aurrounded, Thecolumnof onemM 
for 200 feet, and after a quarter of an hour gradually aubsidea 
to 2 feet below the mouth of the orifice, the temperature 
being then 65° C. The waters of this, and the othera of the 
same group, contain as much as 65 per cent, of siiica, 1 1 per 
cent, of water, i per cent chiefly of chloride of magnesium, 
with a trace of lime. The association of auch varied springs, 
active and extinct, thoir generally pulsating charactw, 
amoiuiting in some casea to tme intermittence, and their 
association with earthquakes at the present time, in the midat 
of a tertiary volcanic district — all these indicate the source of 
the phenomena, but do not explain the chemical variety in 
the waters, adjacent springs having unlike composition, and 
affording drasimilar deposita. 

In some of these thermal springs there ia a large develop- 
ment of confervie and similar vegetables, diatoms in abundance, 
and that silky organic matter which it is difficult to refer to 
anintala or plants with certainty. Chemically this baregin 
,Taiics in different springa, but its true nature is not known. 

161, Thermal Waters in England. — The watei-a of the Old 
"Well at Bath, having a temperatxire of 48'8'' C,, contain 144 
grains of solid matter per gallon. The hot springs of Bristol 
have a temperature of 20" or 23" C. At Buxton and Matlock 
there are also warm spiings. 

The occun-ence of calcareous spiings in limestone districts 

IS already been refen-ed to. Ferruginous springa are met 
-Willi under similar conditiona ; thus tko drainage of car- 
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TjomferoiM distriota sometimes yields ochi'eoiis epringa, and 
the water that haa drainod Biliiritm high groiinils (in whiah 
there is an enormous quantity of diHiiscd U'ori) oftea yieldi 
a copious rusty precipitate. 

16S. Iceland: Theory of Intermittent Springs. — The vol- 
canic region, of which Hocia ia tho active centre, eontaina 
those geyaei-s which wore firat BtuiiieJ by geologists. The 
intormittencB of these hot sjirings was tony regarded as pi-oof 
of the existence of reservoirs in which water and gaaca were 
heated till the expansion of both raised tlio fluid iu the long 
tube of the fountain to the level of overflow. The duct then 
became a syphon, and an interval was necessary before the 
roservoii: was again full enough to permit the process to 
tecommeiice. In the chapter on Volcanoes it will bo shown 
that l^dall's explanation of the geysers as slowly but 
Eteodily flowing springs, whose watera pass throiigh portions 
of rock at a high temperature, meets all the difficulties of the 
case, and, moreovei-, renders it intelligible that intermittent 
springs should be of such difl'erent chemical chawioter. 

163. Feiiodio Spring. — The alternations of a wet and dry 
season give one kind of periodicity; but in those specially 
included imder the designation, the rec\irrence of the flow is 
at intervals which cannot be thus accoimtod for. Jn some 
cases the existence of a cavern is probable, the outflow being 
littlo above the flow. As soon as the water attains a certaia 
level, its duct, beat and syphon-like, drains the cavern to tlift 
level of outflow, and then ceases till fresh qccumulation 
repeats the process. In spring connected with volcanic 
phenomena, ^e expansion of gases in such a reservoir is likely 
to toko place, and if it occurs is almost certain to furnish 
periodic phenomena, supposing tho supply of water and gas 
to be constant, and the orifice of discharge not too large. 

164. Franco and Spain. — ^The volcanic areas in these two 
countries furnish ahundaitt citamplcs of springs of varioi;B 
kinds. Ansted points out that not all minerid and themial 
waters reach tho suifaco of tho groundj and his observation 
accords wilJi what was stated (Art. 27) regarding tho course 
of lavaa from the volcanic focus to the surface. In the older 
strata, especially in the limestones of volcanio distiicts, we 
sometimetr £nd that portions of the limostouo &ka.^ Wit 
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been BiliciGed from below, tte alterition presenting s, para- 
bolic outline; and the only possible expltmation is, that 
Bpi-ing, probably thermal, sought to esaipe iipwai-ds by 
joint or fissure, which brought it in contact with a limestone, 
flnrt there exhausted its energy. The cases to wliich Anated 
cur in Auvergne, near Clenaont, and in Oornwall — 
to Bijeak, concealed springs in the latter locality 
having only been discovered by boring. The calcareoiu 
Bprings of Auvergne are well known, their waters being 
employed there, as elsewhere, in the rapid production (rf 
ornaments, by tlie deposit of lijne in moulds over which the 
-water is conducted. Cai'bonic acid, boracic acid, carbonates 
l-of soda, and even arseniates of Boda and pofaish, are found in 
ihe waters of Vichy, the carbonates of soda forming by fax 
'&0 largest ingredient. Sulphur in combination, as sulphai'- 
etted hydrogen or sulphate of lime, is of very fi^equent occur- 
rence, especially in ^e Pjrennean springs. In Spain the 
presence of sulphurous springs seem more usually associated 
with deposits of gjpsum (sulphate of lime) than with the 
presence of volcanic mat^i-ials. 

165. Bischof B ClaSBiflcation of Springa.— The substances 
found in spring water are thus enumerated by Bischof 
(Chimieal Geology^ i., p. 74), and, as they are usually im- 
perfectly quoted, the list is here given entire ; — 

1. Saline Baaes — So^a, potash, litLia, ammonia, lime, magnesia, 



1 



Btrontia, baryta, alumina, protoxides of iron and manganese, oxides 
of zinc and copper, tin, lead, silver, antimony, arseuic, nickel, cobalt, 
probably alsa aa oxides. 

2. Adda — Carbonic, sulphuric, sulplmrous, nitric, phosphoric, 
boradc, silicic, hydroaulphurio. 

3. Halogens and Metaloida— Chlorine, bromine, iodine, aulphnr, 
hydro-en, 

4. Organic SubstnncM — Extrao-tiro matter (baregin), cranio and 
apocreuc acida. 

And the chenucEiI substances are obtained in different quan- 
tities, according to the mode of origin of the spring. Bischof s 
classification according to oHgin is the most natural, &om 
the practical chemist's point of view. It is — 

, 1. Springs which originate from rivers. 

L 2. Springs orij^nating in the water which sinks through the beds 
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3. Springs which origiimto from elevated laliea. 

4. Springs formed by the molting of tJie siiow and ica oi ginciBre. 
6. MonntaiD apringa. 

C. Springs from great depths. 

166. Examples of Springs Geologicalljr Inteiesting:.— 
IBesides those already mentioned, the following are the best 
known examples of mineral and thermal waters : — The Carls' 
bad 'Waters contain 462 grains per gallon of solid matter, and 
h&ye potash and soda as their dominant ingredients, but they 
contain also a considerable quantity of metallic compounda. 
The waters of Aix la Chapello omit large quantities of nitro- 
gen, probably derived from decomposition; and nitrt^en in 
one combination or another is found in many of the springs 
in the central plain of Germany. The calcareous waters of 
France have been mentioned; the source of their lime is 
obscure, since few of the rocks iji that region contain it in 
large quantity, and the disproportion between the depOBita 
and the apparent source is even more stiiking in Tuscany, 
where the deposits ai'e rapid, continuous, and estensive. 
Italy, rich in regions of volcanic activity, contains many 
springs ■whose composition is aa various as usual in volcanic 
i-egions. The cfirbonie acid exhaJations of the Campagna. di 
Boma, of the famed Grotto del Cane, near Naples, are of the 
same kind as those of tJie Limagne d'Auvcrgne, and among 
tJie extinct volcanoes of the Ithine. The enormous quantity 
of this acid tJius disengaged at the sui-face probably does not 
represent all that is generated. Considering its power to 
decompose many rocks, either as a gas or dissolved in 
■water, it is obvious that this gas, derived from below ground, 
must have an enormous share in the alteration of strata in 
addition to the work it does when cawied down by rain from 
the atmosphere to the soil. The deposit of silica from hot 
springs has been mentioned, and the action of warm alkaline 
T7H,tera in maintaining silica in solution is intelligible. Bat 
il« deposit from cold water is less clear. It appears that such 
cold springs as form sinters either discharge little water, 
which forms a stream so shallow as to admit of total evapora- 
tion — as perhaps was the case when the veins of rocks wei-e 
lined, and ultiinately filled, with qnai-tz; or, as in the cold. 
EJJiceoMi/'rj'ig'c/'fAe.iliores, the mineral ia in. flifeiorto. ' ' 
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double silicate of iron and alumina. It miist always be IwHia 
in. mind that our interpi'etation of what cold springs do is opca 
to fallacy, sinoo tlie warm springs of Bagniroa de Bigorre 
became cold after the earthquake of 1660, while that of 
Bagniros de Luchow, in the Fyreneos, formerly cold, has had a 
temperature of 50° C. since the earthquake of Lisbon, 1755 — 
two interesting examples of the connection between thermal 
vaters and subterranean disturbances, or, to put it in another 
form, of the relation which still exists between the Tolcanic 
centres and these areas of former disturbance which have long 
been quiescent. The geological interest of siliceous springs 
lies in this, that fossllization, aa of the wood in the Azores, 
West Indies, and Australia, ia effected on a comparatively 
loi'ge scale by the agency of these imdergi-ound waters. 

167. Petroleum SpringB. — The oil wells of America, 
chiefly fonmd in connection with devonian rocks, owe their 
origin to pei-oolation, the bydi-ocarbon conipoimda being de- 
lived from the decomposition of animal and vegetable remans. 
The borings by which the rock oil reaches the surface either 
provide a channel for the fluid which ti'avcls along the fissures 
of the strata, or tap resei-voirs, juat as the Artesian wells 
reveal the pi-eaence of water caverns. It is not ithvaya clear 
why the oil reaches the surface with impetua. Tlie first dis- 
chai^ from a boring is sometime a qimnttty of gaa with 
more or leas brine, the oil thereafter running pure, so that in 
some cases, at least, the expansion of gases may be efiicient 
But the whole history of these springs is still obscure. The 
upper mioceaa strata of Ti-inidad yield the asphalt which 
.gives to the pitch lakes of that island their name. The 
Toloanic rocka of the carhonifei-oua series in Scotland, on the 
other hand, sometimes retain the products of decomposition, 
as in the oil shale district of Bathgate, the bituminous matter 
having doubtless slowly filtered out of the shales. Equally 
retentive we the fetid limestones, that of the upper siluriana 
at Niagara yielding its bitumen when the limestone is burnt 

168. Undergroand EiverB and Caverns.— Undergraund 
channels of considerable magnitude are aometimes formed, 
and their formation ia closely connected with the phenomena 
of sjirii^fa. The ingulfinent of stveama is a fsec^ent event, 
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boUi OH tlie lai'ge'and small scales, and the [ihenomenon takes 
place cliieSy in limestone distiicts, wLere the percolation of 
water chai^d with carbonic acid diasolvoa away the lima 
along the lines of fissures. Fractures of strata undoubtedly 
may, probably often do, taie part in fixing the line; but tUe 
solvent power of watoi- is aufBcient to do the work without 
much assistance. Bearing in raind what was said (Art. 151^ 
regarding the rate of flow of water through fiasurea — that 
capillarity retarded it so long as tlio fissure was above the level 
cf saturation, but that below tliatlevelthe water flowed freely, 
if not I'apidly — the genesis of na underground stream is not 
difficult to follow. The rivers of the Morea, which Bubaida 
into "swallow holes," or Katavothra, to uso tho Gi-eck name, 
emerge near the sea in streams of remorkablo uniformity, 
showing that during the eight months' drought which intor- 
venes between tlio seasons of rain the suhterrancati channel 
is lai'gely supplied from other sources than the swallow holes; 
or that, 03 is mora likely, the reservoir is slowly drained by' 
naiTOw apertui-es, tho closure of which, by sediment or 1^ 
earthquake disturbance, might give rise to a lake in the podr 
tion of the swallow hole. Similar examples are met wiUi 
along the north shores of the MediteVraneon in the cretaceous 
limestone, in which the Moi-ean channels are excavated. 
But the most intoi-eating district is that of Caraiola on the 
Adriatic, There tlie Timavo rush^ at once from the tocka 
a navigable stream, boLig fed by underground tributaries 
fl-om tho interior. The caves of Flanina, Lucg, and Adols- 
berg are well known, tho principal channel of the last being 
more than a mile and a half in length, so far as it has been 
followed. The awallow holes or "dolinos" of this district, 
the cavities into which the streams sink, form, according to 
the patency of the mountain streams, and the size of their 
chaamels, empty chasms, wolhi, or lakes — the I^ke of Zirknitz 
i£.aem Lugtns of the Komans) varying in area from 40 to 
SO square miles. This complioated network of channels 
above and below ground finds its counterpart in other regions. 
TUo Himgci-see of the Harz Mountains is a dolina like that 
of Zirknitz ; but the great devonian limestono district near 
liege is historically and geologically the moat iui\iiK:ta.i\& 
the cavern s/stems. Dr. Schmerling exanuiwi^trst^ 
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Rmong tliem llio now cclcbrnted Engis and Engilioul Cavoa, 
anil theso, with the series found in the Dordogne and Perijjord, 
hxi^'e furnished most important evidence as to the former 
fauna of Southern and Central Europe, aa to its arctio 
cliai-aotor, and the associatioa of man with animal forma now 
extinct or restricted to the far north of Europe and Asis, 
In England-^where, as in Yorkshire, ingulfed streams ara 
also found, important tributaries issuing directly from tie 
rocks bordering the main river — caverns are also met with 
■whose contents are important contributions to the early 
Jiisttory of man. The caves of Settle, Ingleborough, 'Kirkdale, 
Denbighshire, of Wokey Hole, Kent's Hole, Bi-inJiam, may 
be mentioned as among those from which remains have been 
^obtained, proving their human occupation at one and, for the 
lost pact, at several periods between the time when the 
reindeer, mn,mmoth, and rhinoceros flourished and the time 
when men sheltered in them from the Hanoverian troops, 
or hid therein the smuggled stores which were to cheat ■Qie 
king's revenue. The papers of Euckland, Peugelly, Boyd 
Dawkina, and others, have given details of those caves 
hitherto discovered, but their number will be greatly increased 
as chance reveals openings which debris has concealed. The 
Mammoth Cave of Kentucky, whose main passage is 10 miles 
long, while the length of the lateral passages amounts to 210 
miles, contains a cmioua assemblage of animals, the imperfec- 
tion of whose organs of sight raises interesting questions for 
the zoologist, A Jong time was, of course, needed for the 
erosion of such enormous subterranean caves, but there is no 
gi-ound for talieving that the inhabitants of the Mammoth, 
the Adelsberg, or the other C&i'niolian caves have an earlier 
date than the latest tertiary times. 
169. Contents of Cavaa. — The floors of caves are covered 
th stalagmite, fine mud more or less calcareous, and breccia, 
consisting of ixiimded as well as angular fragments, among 
which, as well as through the othar aedimentfi also, bones and 
implements may be scattered. One or all of these materials 
may be present, and each layer may contain organic remains 
belonging to a different period, though distui-banoe of the 
tiyera may confuse the chronology. In observing such do- 
'ie, it is important to beai- in mind that the sources of tlie 



bones may be various; the occupantfl of tbe cave dying, 
■would leave their remaina to be eovei\}d over by calcareous 
droppings from the i-oof, or by the Bediments of the stream 
which still flowed through the cave. An alteration o£ the 
level of the cave mouth, or a rlsu of the stream on whose 
banks it opened, might allow the flood-borne bodies of ani- 
m&la to be swept in and left there. Fisaiirt's might uUow 
the bones of animals to drop in from the surface of the 
ground, and to become mingled with the older species. Lastly, 
the Moreon rivers show that bo;ies and conglomerate may 
enter simultaneously, and the cavern will then yield evi- 
dence as to the animals which flourished on the surface of 
the country at periods which cannot be defined. 

The hematite deposits of Cumberland are laid down byl 
rivera which have flowed through limeBtono caverns, tha^ 
segregation of the iron being due to the action of decayii^ 
vegetable matter. 

170. Landslips. — Fissures in loose soil or solid rock are 
travei-sed by water which may displace more or less of tho 
BUiiace by its excess in a rauiy season, by ita expansion on 
conversion into ice, or by the coincidence of either of thesa 
with nndei-groimd erosion, whereby a part of a. hill slope or 
clifl may be made to topple over. The amomit and foim of 
the slipped mass depends on a vai-iety of cii-cum stances ; but 
it may be said, in general tei-ms, that those slips which ar& . 
doe to underground erosion have steeper faces than whera^ 
only Borface joints are concerned; and that tho harder ths' 
lock, and more definite its system of jointing, the more will 
Hm characteristic features of such a rock be preserved after 
the catastrophe. The oblique joints of masses of tough 
boulder clay fuvnish un admirable study in the mechanism of 
Gprings. 

The walla of a valley which a glacier has fashioned describ* 
Ml elegant and even curve. Those of a valley in which atmo» 
spheric waste has been at work in soft, supei-ficial deposits, 
consist of two paints — the steeper, rockier part, and the mora 
sloping, softer portion; but, where landslips have occurred, 
the ascent is by a seiies of lines at diflerent angles, to the 
^^WK vertica! I'ocky portion. The landslip leaves its mark in 
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SECTION I.— FORMS OF WATER IN ATMOSPHEEE. 

I , Atmospheric Circulation of Water — Atmosphere everywliere Hnnii 
— AijueouB Vapour; Evaporation — Amount of Evaporation fro 
Boila and Plants — ConilenBation — Saturation — *Dew, Mild, 
Bud Fogs — Eoga of Cities — Height of Foge; FogbaimeiE a 
Hills— Clouds — Condi tiou of Water in Clouds — Velocity CJ 
Clouds — Distinction between Dew and Fog— Hainbow — CdW 
of Clouds — Tninaport of AquoouB Vaponr— Conditions of Bain- 
fall— Relation of Bain to I'revalent Winds — Influence of Hi^ 
Grounds: Homomoiphisin — Wiy Rainfall is not Incessant — 
JhynesB of Interior of Contiueota— Angle of Wind to Lwid— 
Polac and Equatorial Winds — loflueneo of Vegetation — Hiin 
from Clear Sky — Amount of Baia which Flows off tha Surface 
— Periodic, Variable, and Constant Kaina— Periodicity o£ Itain- 
tall— Table of EaintaU, 

17L Circulation of Water in Atmosphere. — Rain ia tlie 

'orm in ■which, over tlie largest portion, of tlie world, niois- 

L. ture Sb reetored to the earthy after it has been hfted into the 

f atmoBphere fi-om land and sea. In the extreme north and 

r.lButh, preci]]itation t.akea place only in the fonn of snow. In 

I the temperate regiona we find aeasonal differences, so that snow 

' rain alternate, while on either side of the equator snow ia 

r encountered except as a precipitation upon the summita 

of the highest mountain ranges. If we Tvere to connect by 

a cui'ved lino the limits of snowfall in the northern and 

Bouthem hemisphei'es, ■with the limit of suo'wfall iipon tho 

mountains of ihe equator, ■we should find that the figure 

thus described would bo that of an oblate spheroid, the poles 

of which would coincide generally with the polea of tho 

earth; thus a shell of temperature above the fj-eozing point 

L would surround tho earth, not parallel to its surface, but 

■nither exaggerating the equatoiial pvotubeiiwce and polar 

fattening of the globe. 
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172. Atmospliere eveiywhere Humid. — A cerbain amoun'j). 
of moiature is present in tho atmosphere eyea in ike hottest^, 
r^ona, with the eiception of a few very limited arena Itnown 
as . rainless, and even there aa ahaolutalj dry atmosphere 
probably does not extend to any great distance above the 
Burfaoe, In the Arctic regions themflelvea, port of the snow- 
fidl is simply the restoration, to the surface, of moiatui-e 
derived from it. 

173. Aqneoufl Vapour; Eraporation. — Atmospheric mois- 
ture is in the foi-m of aqueous vapour. Evaporation means 
the removfil of water into the atmosphere in this inviaiblo 
form, and aa Uie vapour seldom remains in contact with the 
Burface from which it has risen, there is cousiajitly oppor- 
tunity for the formation of fresh vapoiir, the volume of tho 
water coiTeapondingly diminishing. Evaporation ia limited 
by diminution of temperature, or by the confinement of the 
spftce into which the vapoia: is thrown off Tho pressure of 
a very Email quantity of aqueous vapour upon the surface of 
■water checks evaporation, and thus fiuTushes a dif&culty not 
yet solved, since a very considerable atmospheric pressure 
does not inteifere with the process. In cold weather, at the 
temperature of 0°C. (32°F.), the pressure is -1811 inches 
of merctuy; at 20°C. it is -6830 inches; at 50°C. it ia 
3'622 inches. Ti-ifliiig asare these pressures, they are enou^ 
to arrest the process, though a much greater atmospherio! 
pressure has little or no effect in rctai-ding it. The Bflmft 
effect is produced when evaporation takes place into a con- 
fined space, the intervals between the particles of air being 
occupied by particles of vapour; in otJier words, the resist- 
ance of the vapour being purely mechanical, the atmosphere 
bacomea very speedily aaturated, and the water thereafter 
cea£ea to diminish in volume, its particles being impeded in 
Iheir ascent. By the process of evaporation the tflraperature 
of water is diminished. Thus the cooling effect of a breeze 
(HI tho body does not in reaUty resiUt from the contact of 
air, but is due to the removal of moistiir^, to tho hastening 
of evaporation, from the surface of the skin. Applying thiv. 

L a most extended scale, we £nd that to evaporation, or- 
f to the great extent of surface from which evaporatiaa' 
E place in fonuer times, waa due that extreme WttO\i3& 
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cold whict TM3ii<ler»I the winters of tliia area more severe, 
ftnd which prolonged the glacial cold into, geologically speak- 
ing, recent times. 

174. Amount of Evaporation from Soils and Plants,— 
It appears from P^oit^saol' Elliot's eicpeiimenta, that the rate 
lof evaporation from diiferent soils, depends, in the £nt 
instance, on the extent of surface their particles present; 
and, next, on the compact^noss of their structure, 'which in- 
creases or diminishes the capillary flow of water from below 
Cipwanla. While Band lost ^ of its moisture in a given 
tune, clay lost ^, and peat moss §; the amount has thus a 
direct ratio to tlie incoherence of the materials. Moreover, 
the capillarity of earth is greater than that of moss, hence 
the evaporation continues longer after the aurface has become 
somewhat dry. The obaorvationa of Von Pettenkofer on ft 
growing oak ti-ee show that there is an increase of evapora- 
tion from May till July, a decrease thereafter till October; 
Itnd that the amount of evaporation is 8'33 times greater 
than that of the rainfall. Hence it follows that a consider- 
able amount of moisture is poured into the atmosphere by 
vegetation, and that the water is drawn through the roots of 
tiie plants from the subsoil. Vegetation thus not merely 
retards the surface evaporation, but also restores the mois- 
ture which some months before had sunk into the deeper 
parts of the soil. 

175. Condensation, — During evaporation, heat ia ince(h 
santly communicated to the vapour, or, in other words, the 
separation of the particles which constitute the vapour stores 
up force, "When the heat is withdrawn, when the force with 
wliich the particles are kept asunder is ovei'come, the particles 
of the water return into contact with each other, liquefaction 
taking place, or, as it is called, condensation, and the elastio 
force of tlie vapour manifests itself as heat. "When water 
is boiled, if the steam is brought in contact with the skin, 
or with cold water, it ia condensed, and the heat becomes 
apparent by scalduig the skin, or by boiling the water into 
■which it is introduced. 

176. Saturation of Air. — The saturation point of the 
.atmosphere is that point at which it ceases to be capable of 
"' intidning more rapoui" of water. If the atraospht 
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at the eame temperature, there is no apparent change, eveit 
wlien the air can receive no more moisture. But if, by lowering] 
the temperature, the elastic force of the vapour ia diminiahBdjp 
if, that is to say, the force with which the particles repel eaoh ' 
other is lessened, condensation takes place; and the point at 
which this occurs is known as the dew point. 

177. Dew. — For the formation of dew, three things ara 
necessary T air saturated with moisture, a clear sky, and 
depression of temperature. Any object on the ground which 
is a rapid radiator parts with its heat into space, and, chilling 
the air in Immediate contact with it, amses the precipitation 
of the moisture in that portion of air. As the phenomenon 
is thus due to radiation, it will be affected by anything which 
modifies that process. In the case of grass, the blades part 
with their heat, while the moisture in the lower part of their 
stems prevents its replacement by radiation, as the feeble con- 
ducting power of the vegetable prevents its transmisBion in 
that way. The passage of clouds across the sky, diminishing the 
amount of radiation by reflecting the heat, stops the process, 
as does shelter of any kind, tho thermometer beneath Dr. 
"Wells' experimental sheds being 1-8''C. higher than one out- 
side. The necessity for calmness of the air arises from this, that 
circulation would equalize the loss by radiation, and prevent 
any one portion from sinting sufficiently low. The tempera- 
ture of the grass is often as much as 10° to 18°C. below (hat 
of the air a few feet above it ; and this difference ia explained 
by a convective movement, whereby successive layers become 
lowered so as to maintain an interval of 2''C. between their 
temperature and that of the surrounding au". Thus, under 
fiivourable circumstances, the dejwsit of dew would go oa 
steadily, and the injuriona eflects of low temperature be from 
hour to hour increased. Hence the necessity of guanling 
tender plants for some distance above ground from the effects 
of excessive radiation. In tropical countries, the artificial 
formation of ice in shallow pans, kept off the ground by dry 
straw, takes place under the same conditions which determine 
the fall of dew, and the diy straw, being a bad conductor, 
prevents the transmission of heat from the soil to replace 
that lost by radiation; for the process is arrestiyi wlven. tha 
Etniw hectmes wet, and is convei-ted into a gooi cqbAmk.^ 



Iry ^H 
aca ^^H 

m 



103 FDYaiCAL CEOCRArnT. 



It btilongB to motooi-ology to determine tlie precise tempeiA- 
tui-e at wliicli dew is deposited; it is sufficient here to indicatt 
tbat the tempera.tui'e o£ the dew point vaiiea witli that of the 
atmosphere 

178. BliBt: Togs. — ^The formation of dew only takes place 
when the aqueous vapoiu' is iuvisihle; but fogs and miats are 
visible under other conditiona. Inequality of surface and 
movement of the oil- are, together or apart, essential to bring 
into contact masses of aii-, oao or both of which are charged 
with moisture. In a valley in which dew formation might go 
on if the superincumbent air remained clear, the cold air on 
the slopes gradually moving downwards turns the balance. 
It was stated that the atmosphere above the dewy sui-iaoe ia 
often considerably below the dew point. If other co!d, nuHst 
air ia brought in contact with itj further condensation at once 
tahos place, and fogs ai-e formed such as may be seen oreepag 
from either side of a volley till the whole flat ground is 
covered. The colour of these fogs varies from the delicate 
blue, almost transparent, veil, to the dense white mass which 
saturates the clothes of the traveller. In a very wide plain, 
like that of Biggar, between the Clyde and Tweed, Bueh a 
dense mist forms a aea-!ike surface about three feet deep, above 
which mounds project like islands, and on these dew may ba 
formed within a few feet above the fog. 

The position of lakes and rivers is marked by fogs whenever 
a considerable difierence of temperature exists between the 
air over them and that on the banks. It is immaterial whether 
the land or liver atmosphere is the colder j whether it is tiio 
glacier stream which travei'ses the warmer low gronnda, or 
the river which flows from warm high gronnda to coder 
plains. Conversely, when a long atrip of land projects into 
the sea, the inequality of temperature gives rise to fog, whidi 
may fi-inge the bank of land or entirely obscure it Tha 
British Idands repeat this phenomenon on a large scale, with 

kthis addition, that the seas they separate are of unequal 
temperature ; in winter and spring, when this differenca 
U at its maximum, fogs prevail. 
The direct contact of two masses of warm and cold air is 
ttlustrated off the Newfoundland banks, the Labrador current 
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splieres whose meeting ^ves riae to almost constant foga; and 
the difference of temperature is as great fiirthpi- to the south, 
the waters of the Gulf Stream, being pi-oportionally warmer: 
than those of the adjacent sea. In the Pacific Ocean, where 1 
a coral bank lies aoi-oss a cnn-ent of warm water, the boil up ' 
and flow over of the interrupted warm stream loaintamB a 
constant temperature in excess of that proper to the latitude, 
and a correspondingly constaut fogbank and rainfall. High 
grounds at right angles to the prevailing winds, more espe- 
cially where these travel over a considerable ocean ai-ea, are 
for the same reason the scat of fogs, the coasts of Norwny 
and Peru being notable examples. 

179, Fogs of Cities. — London fogs ai-e good esamples of 
intorfei'encc with natural processes. The artificial beat of the 
city, and the smoke which, though scarcely obvious to the 
resident, marks its position at a great distance, combine with 
the humidity consequent on its proximity to the river to make , 
the coldest months periods of long-continued and den&e fogsi. _ 
Professor J. Thomson has desciibod similar phenomena alkm 
Belfast. In all large cities dew and hoar-frost are inirequeiA ' 
aa compared with equal areas in smaller towns, or in the 
country; and the reason of tho difference has been put to 
practical use by the vine-growera, who maintain smoky firea 
on clear nights to windward of their vineyards, the artificial 
clouds checking radiation. 

180. Height of Fogs : Foghannere of Hills,— It is diffi- 
cult to fix tho upper limits of fo^s. In general, when of local 
origin, they form a layer which conforms to the undulations 
of the surface. The fogs which come with the east winds of , 
spring on the shores of Britain are probably of consideraMft 1 
depth. The fat siunmit of the Campsio hills is the ksfr-4 
resting place of these fogs towarda the west, and when the low 1 
grounds are* clear, tlie fog mass gradually declinea from a J 
vertical thickness of about 800 feet to a, thin layer, whidt I 
ultimately disappears. As the height of the range aventgeu I 
1100 feet above the sea, tliii would give about 2000 feet, Mf 1 
less than half a mile, as the upper aurfi'.ce of the fng. There J 
IB, one may almost say with certainty, an interval between I 

.•'fig and cloud. The connecting link between tho two is J 
■|tef(^hanuu) which sometimes hanga over ftio i"" 
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Hsoo 

^^ftdividmg two valleys of unequal slope, &s may he seen evffrj 
^^■antonm in the highlands of south and north Scotland; Bome- 
^^KlinieB streaming out from a prominent peak, changing its 
^^Ffiorm but not shifting its place. These furnish only another 
^™ phase of what has been already described aa the consequence of 
the contact of two masses of moist air at unequal tempera- 
tures. The chill mountain top condenses the atmospheric 
moisture to leeward of its peak, and as the chilling is 
increased by the wind the streamer maintains ite place, its 
extremity, however, being dissipated by the wind. The mass 
is, in fact, constantly regenerated at the peak as it is wafted 
to leeward. But if the air falls in temperature, the condensa- 
tion extends till atlaat a sheet of fog cloud covers the adjacent 
summits, and creeps downwards over the slopes. But before 
this general coveiing is developed, fog raasses may become 
deta<ihed and float away on the wind; these " packmen," as 
they are called in south Scotland, being solitaiy travellers 
which surely foretell rainfall. In all hilly countries the 
evening fog masses take the direction, and often follow 
closely the form, of the ridgea below, and they may be seen 
Ijy watching, to grow from above downwards till they rest 
on and finally cap the hills, the clear interval between them 
and the hilla beuig occupied by moist air, which the elowly- 
moving breezes (for this is only seen on quiet evenings) 
gradually condensa These clouds we, therefore, due to 
terrestrial radiation. 

181. Clouds.— Tho distinction is not always attended to 
between these Lill fogs dne to terrestrial radiation, and those 
clouds, properly so called, which result from a cooling process 
that commences in the upper regions of the air itself. Clouds 
have been made the subject of very viirioaa classifications, 
but the simplest is that which divides them into three piim- 
ary groups 1 — 

1. Stratus, tlie Lorkontal layers due to the cooling, by radiation, 

Lof a tua^s of air fit slta, 
2. Cumulns, tlie maaaivo fonm-likc clouds which form the anm- 
mita of ascending cohimns of moiat air, condensation com- 
neacing witli a loaa of electric tenaiou. 
3. Cimia, which owes ita existence and ita light cnrd-Lka form 
to the contact and cooling of two mmsea of air. 
between these leading fonna au endless variety of inter- 
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mediate steps may be recogoised. The sb-atus, wliieli i 
Britain is well called the cloud of night, is the dominant 
form in the central plains of Germany. It is the lowest of 
the doud masses, and repreaents the cooling by radiation of 
moist air -which very slowly aflcends. Aa the sun's raya' 
decrease in. power with their obliquity, the aqueous vapour' 1 
is less and lesa dissipated; its tension diminishes as thef 
tempei-ftture fails, and radiation gradually condenses the 
upper layer ii-om the east towards the west. The cumulus 
again is the cooling of a mass of moist air which is, ao to 
Bpeak, poured into the colder upper atmosphere, its form 
being, as Saussure firet suggested, exactly comparable to that 
of a coloured fluid poured into clear water, and tho analogy 
is often very close when the cumulus masses seem to roll 
over each other upwards. The cirrus belongs to the highest 
of the cloud-bearing regions, and its form and movements 
are a sure index of the direction of the wind within the next 
few hours at the surface. For the detaUs of the form and 
significance of clouds, the student must consult special treatises 
on meteorology, Euchan giving m his Handbook an excel- 
lent summaiy of the leading points. 

1811. Condition of Water in Cloads. — It has been sup- I 
posed that the cumulns is a fi-ozen mass; hut the difficulty, ^ 
already sufEciently great, of understanding how clouds are | 
supported in the air, is thereby needlessly increased. The 
movements of masses of cloud, even of tho seemingly fixed, i 
cumulus of Bummer, shows that if they approach solidity 16 J 
can only be by their assuming the state of snow. The edges l 
of the masses aro irregular; they are constantly changing, 1 
and when precipitation takes place the siidden change of'l 
fonn in the mass immediately above indicates a very great ] 
amount of mobility. If they were in the state c * 
should expect that evaporation under the sun's h« 
coat them, with a fog layer, which is never the case, 

183. Velocity of Clouds.— It is ]jrobabIe that the clouds 
move much more rapidly than do the lower strata of the 
atmosphere, even when both are travelling in the same 
direction. Euchan has observed a velocity at the rate of 73 
miles an hour, and quotes I^Ir. Stephens as having, from. 
twen^ obse)-v«tJcn^ calculated lOS nulea aa tiietate. 'i.l'Cliia 
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higliest cirri, tlia isolated masses of which are most eamly 
made Hnhjects of observation by following their often sharply- 
defined eliadows on the gronnd, are at 10 miles elevatjoa, 
if they ai-a at 5 miles height, their apparent motion msy 
be very much less than their real motion; but the high velo- 
f«itieB above quoted have an important bearing on the move- 
lents of the upper air currents, as demonstrating in them a 
to and fro movement, depending probably on the radiation of 
THpour masses; just as slight surface movements are seen on 
the Hurfitce of the Gulf Stream. 

184. Distinction between Dew and Fog. — The clearness 
of the atiaoaphere above the surface on which dew is eon- 
densed is the consequence of the unequal rate at which tie 
tension of the vapour and of the air diminishes. Befoi'e the 
dew point in tlie air itself can bo reached, the gas must have 
fallen to the same temperature as the vapour. The formatioa 
of fog commences when this happens, aa a consequence of the 
misiug of two masses of air. Clouds begin to appear when tie 
cooling which accompanies expansion reduces Uie air to the 
aame temperature as the vapour. Keither dew nor fog forma 
on the thermometer suspended above the ground, the air 
cooled by its radiation sinking down to the ground as fresh 
portions take its place, just as the cool air flows down the hill 
side into the valley. 

In the preceding articles an attempt has been made to 
separate the two kinds of condensation, the one giving rise to 
dew and fogs in consequence of the cooling by radiation of 
the eaiii's surface, and of the air in conbict with it; the 
other giving rise to clouds, properly so called, which residt 
from radiation of vapour suspended in tlie air, ■whose tem- 
pei-ature is lowered along with its rarefaction. z 

185. Bainhow: Colour of CloudB. — Tho spcctnun pro- 
luced by infraction in the drops of condensed vapour is 

raally double, tho inner and the outer having the reds 
'tdjaoeat, the violets being at the extremes. The form of 
'the bow is that of a semicircle when the sun is on the horizon, 
ibnt the arc becomes less the higher the sim rises, and at 45° 
:the how is not formed. The occurrence of rainbows against a 
lear sky, though not frequent, proves the possibility of a cou- 
■ Ici-ablo amount of condensation taking place in the form at 
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0, ihirt layer not thick enongli to obscure objects beliind it. 
The refractive power of the atmoapbere gives rise to in- 
creasing cbromatia cbongea towards sunset. As the Bun de- 
clines westward the amount of tbe atmospberic layer which 
Lis rays ti-averae increases ; at noon tbe vertical tbicknees is 
pici'ced, towards sunset the oblique, almost horizontal, rays 
undergo greater diSusion and refraction. Tbe absorptive 
power of the atmoepherio vapour depends on its quantity 
and form, according as it is in tbe finest state 'of division, 
or its particles are aggregated into spheres. The successioa 
of tiut« at dawn and sunset is due to the changing absorptive 
power relative to each tint; but tliia, as well as the details 
of tbe refraction and reflection within drops of water, belongs 
to tbe depai-tinent of Physics. Equally beyond tbe scope of 
this volume is the discussion of Mock Sims or Farbelia, 
Mock Moons or Paraselenre, Halos, Coronas, or Brougbs as 
they are culled in Scotland, and Lunar rainbows. These are 
all due to refraction, and reflection on and in masses of 
vapour; but whether that vapour is in tbe gaseous, or the 
vesicular stat^, or is ciystallized, is not certain. In leaving 
this subject it may be added that tbe electric and magnetic 
states of tbe atmosphere are still comparatively unknown, 
and that tbua influences may be at work whoso action and 
power we cannot at present estimate. 

186. Transport of Aqneoas Vapour. — The moisture lifted 
from land and sea does not remain where it has been gathered, 
but is carried away by the currents of air, which will be 
described in tbe next section, and distributed over large 
areas. In those regions characterised by tbe prevalence OT 
Bteady winds, we bave this conveyance of moisture regular 
in certain directions, and thus we bave a constant circular 
tion or transfer of water from one region to another, the 
result of which is tbe maintenance of equilibrium, the circle 
being completed by tbe return of water to sea and land, to 
make up for the loss by evaporation. Condensation of 
atmospheric moisture has ab'eady been spoken oft', biit as yet 
the quantities thus restored to the ground have been email, 
though eince they ai-e incessantly being lifted up and laid 
^" I, they are important geological agents, as well a^ essaa- 

fcto tbe weilbew^ of plants and auimala. 
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187. Conditions of Rainfall. — Tlie conditions ander v 
■ain ia precipitated, are stated by M. E. Renou, aa quoted^, 

[ Buchan.* 1. Two layers of cloud at least: an upper layer, 
tho cirrus, which, heing at a great height, ia composed ti 
minute ice particles at a very low temperature, probably not 
higher than ~iO°C; and a lower layer, the cumulus or 
cumulo-stratus, which has its density increased and its tem- 
perature diminished by the descent of the ice crystals of the 
cimis. 2. The temperature of the air at the earth's surface 
as high as possible. 3. The atmospheric pressure notably 
lower than in surrounding regions. 4. Regular horizontal 
currents of air allowing the atmosphere to remain a sufficiently 
long time in. a state of unetable equilibrium. 5. A rapid 
movement of the air tending to re-estahliah the equilibrium 
of pressure and temperatui'e, by mixing together the different 
layers of the atmosphere. 

188. BainfiiU Greatest near Ground. — A curious imper- 
fection of rain gauges ia illustrated in the following tables, 
constnicted by Colonel Ward from obaerrationa extending 
over four years, 1864-7, and Mr. Chrimes, during 186C-T. 
The amount of rainfall is relative. 



Hoight aboYi Rshtitb EainfjUL. 









■99 

■98 




-Si 





I 



The explanation of the anomaly, which must he borne in 
jnind if exact comparison is attempted of observations at 
many different localities, is, that the rain drops enlarge by 
attracting vapour particles as they approach the ground; 
that, especially in heavy rains, the water rebounds tram the 
ground and fomis a fine spray over it; tliat the gauge caiLses 
• Ilandbool;, p. 18G. 
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eddies in the air, and tLua becomca the centre of conver; 
for a large amount of water particles. 

189. Relation of Bain to Prevalent Winds. — Obvionely 
the rainfaJ] and the prevalent wiutis of a counti-y go togethi 
the direction whence the rain cocnes being that of the 
In the British Ishmds the moat abundaut raina are 
upon the west coast, the westerly and south-westerly 
ci-oaaiog the Atlantic, and in their way becoming chai^ 
with moisture. As the temperature over a great exjianae 
water is more uniform than that on land, the transfer of a 
volume of hmnid atmosphere from the wanner ocean to the 
colder laud area results in precipitation. Other illustrationa 
will be found in the rainfall of Southern India, which conicy 
with the 8.W. monsoon; in that of the Peruvian const, and 
others. But in these cases the features of the Land have 
eonietliing to do with the amount of rainfall. 

190. Influence of High Gioands: Homomoipliisni. — 
Eomomorphiam, ali-eady referred to in a previous chapter, is 
well illustrated by the distribution of the rainfall. On the 
coast of Norway the mean yearly rainfall is 82-12 incLeaj 
at Portree, in Skye, 12^ inches fell in thii'teen hours in 
December, 1863. At Coimbra, 118 inches of annual rainfall 
is recorded, and the quantity diminishes as we pass onwards, 
the greatest amount being upon the western side of such 
mountain ranges as project prominently from the plains. In 
America," on the western side, 89'9 inches ai-o i-ecorded at 
Sitka; 65 on the west side of Vancouver's Island; 45 at 
Fort Vancouver on the Columbia river; and only 5 over a 
large part of the great inland basin. In South America the 
same excess is found upon the weetern coast ; the some 
increase as wo advance &om the equator southwards, and 
the same diminution of laiufall upon the eastern portion of 
the land. In Asia the greatest amount of rain&ll is at the 
foot of the outstanding high grounds : thus the Malabar coast 
intercepts a considerable quantity of rain; the Himalayaa 
arrest an enormous quantity, which is returned to the plains-i 
of Bengal. But the total quantity is greatest, and the sA^ 
ing process exerted by hilla on moist air is clearest, in '* ' 
Xhasia district. At Darjeeling, the rainfall between Ji 
and September amounted to 130 inches in one year, while 
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much aa 264 inches fell in August, 1841, and the total 
annv"] fall has been known to exceed 600 inohps. When it 
is remembered that by the rainfall of a diatiict is meant it 
layer of water which would cover the district uniformly, 
supposing it neither to ran away nor to become absorbed, 
nor to evaporate, the meaning of these measurements will be 
intelligible by stating this last-mentioned quantity as a layer 
60 feet in thickness covering a district. And as 1 inch of 
rain corresponds to 100 tons of water per acre, the quantity 
of change of the eurface which may be credited to rainfall 
alone is very large. From all these cases it would appear 
that mountains have a powerful effect in causing pi'ecipita- 
tion; on the one hand, by arresting the air in its movement, 
imd thus subjecting it to a certain amoiuit of cooling and 
oompreasion, the result of which is downfall j on the other 
hand, the air thus arreat«d rushes upwards, being forced 
from behiad, and passes into a cooler, more rarefied stratum, 
where precipitation at once takes place, But that this latter 
asoent of the air is more important than more cooling by 
contact, is shown by cases in all hill districts, where, if the 
hill is low, the raiufall is on the lee side of it. 

191. Number of Rainy Days. — In temperate regions it is 
diiEcult to say what constitutes a rainy day: -01 inch in 
twenty-four hours is that suggested by Syraons, and made 
ihe baaifl of Buchan's table.* 

Latitnde, 60'— B0° 161 daya per annum. 
„ 60°— 46° 134 „ 

„ 46'— 43= 103 

43'— 1-2' 78 

This table is quoted for the sake of the general relations it 
suggests; but the total quantity of rainfall may be small or 
great in proportion to the estimated number of rainy days. 

192. Why Rainfall is not Incessant.— The simple fact of 
the air containing a large amount of moisture does not 
necessarily involve its downfall, else tlie trade winds, which 
are always heavily charged with moisture, would coincide 
with regions of well-nigh constant rain. The movement of 
the atmosphere being constant and uninterrupted enables 
the air to coi-ry its burden, the capacity for moist-ure being 

* tlandbooi, p. 191, 
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inci-eased the farther it ti'avele. But wLei-e, as in wliafc. 
might be called tiie atmoaplienc baok.wa.ter of the Doldrum^ 
the movement of the wliula is arreatoJ, precipitation ia acea 

193. firyneBB of Interior of Continents. — Tliis Btoppoga 
of the wind and constant draining of the atmosphere by 
tact with elevated ground explains the dryness of the interim 
of continents. Immediately to tlie north of tho Himalayan 
chain we have the dry table-lands of Central Asia : the 
Bocky Mountains border a region in which only 5 inches 
fall yearly, although a littJo way oS the annual average is as 
much as 89 inches. Upon the west coast of the British 
Islands the mean is about 40 inches, rising at some places 
to 70 inclies; upon the east coast 26 inches forms the average. 
The mean for Bussia in Europe is 15, and the effect of tiie 
Scandinavian chain of moimtains is seen in the 20 inches 
recorded for Sweden as contrasted with the 62 inches of the 
Norwegian coast. The same holds true for South America, 
"Western Patagonia being tolerably wet, while Eastern Pata- 
gonia Buffers at times from excessive and proti-acted droughts. 
The central areas of Australia and Africa owe theii- dryneag 
to the same cause. 

194. laflnence of Angle of Wind. — While it is tmo ia 
general terms that the points of greatest rainfall are upon 
the windward side of high lands, on which prevailing windft 
blow, a slight modification is traceablo to the angle which, 
the -wind forms with the trend of tho high ground. The 
greatest rainfall will be where the wind Hows at right 
angles to the coast ; but tho quantity will decrease in pro- 
portion to the obliquity, so that the aiTcst of the prevailing 
■wind by the high grotrnd may be very slight, and the rainfall 
will then be due rather to the fi'ictiou retarding the 
of the moving current. 

195. Polar and Equatorial Winds. — It is also a sound 
general proposition that winds blowing from the poles a: 
as a rule, drier than those blowing from the equator; and 
the westerly winds prevail increasmgly from the region of 
tie ti-ades towards either pole, the rainfall upon tlie western., 

1 is naturally gi-eater than on the eastern. 

. Influence of Vegetation. — Vegetation bus a conside] 
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offL-eting tliB rainfftll ; and it is now a yrt& 
established fact tLat luxuriant forests tave a larger Bmount 
of pi-ecipitation, other tiling lieing equal, than other parta 
of the same region. The cutting down of the timber on tha 
inland of Mauritius waa a very impoi-tant one among the 
infinencea which suddenly increased the unheal thineas cf tliB 
iuland. Sir John Herschel's observation at the Cape (if 
Uood Hope illusti-ates the influence of treea The fog ^onda 
of Table Mountain frequently hang for Bome time Avithoot 
lAny rainfalL But Sir Jolm remarks that in a forest there 
'"was heavy i-ain, though outside the air was simply moiBt. 
The explanation is very similar to that of dewfall on grHsa, 
the extended radiating surface of the leaves lowering tie 
temperature and causing precipitation. 

Rain from a Clear Sky. — Eainbows have been 
sientioned as occurring under this anomalous condition. 
The fine rain, or serein as it is called, is probably due to 
local refrigeration of the air, caused by the interference of 
one current with another, the an-est of motion giving a, short 
time of coiideoaatioa before the air, takes a new or resumes 
its old coui'se. 

198. Amount of Bain which flows off the Sarface. — ^It 
lias been calculated that one-third or one-fourth of the raia 
which fiiUa on the surface flows oft' it, the remainder being 
absorbed by the auU, or given back by evapoi'atian to the 
atmosphere. 

199. Periodic, Variable, Constant Bains. — The equa^ 
torial zone of constant i-ain ia that in ■which the atmospheric 
currents are moat variable, and where at the same time the 
results of evaporation are most abiuidant The frequent 
cbangea of direction cause correspondingly frequent conden- 
sation by arrest of movement. 

The periodic raina of the ti-ades and the monsoons corre- 
spond to tiio passage of the sun to nortli and south of tlie 
equator, and though great quantities fall within short periods, 
aeaaon is one of little or no rain&ll, these must 
dry aeaaons, since the dews are very heavy, 
variable rains characterise the regions to the north 
ith of the trades and monaoona, including, therefore, 
tempemte and jiolar legions. 
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200. Periodicity of Rainfall. — J. Norman Lockyer has 
tabulated the evidence in favour of an eleven years periodi- 
city of rainfall, coincident with the periodicity sun spots and 
cyclones. Mr. G. J. Symons gives the following table* : — 

Maximam Sun Spot years, 1837 1848 1860 1871? 

Heavy Rainfall, 1836 1848 1860 1872 • 

Amount of Rainfall, 33*49 35 98 33*34 ?34 

Per cent, above average, 19 28 18 20 

MiniTmiin Sun Spot years, 
Small Rainfall, 
Amount of Rainfall, 
Per cent, below average, 

TABLE OP RAINFALL. 
Ekgland and Wales. :^, 



1833 


1844 


1856 


1867 


1834 


1844 


1858 


1868 


24*62 


23-72 


22*79 


?28-8 


13 


16 


X9 


+2 



West Coast. 

Cumberland — 
Cockermouth, 22 
Seathwaite, 113 

Lancashire — 
Manchester, 30 
Bolton, ' 40 
Coniston, 64 
Liverpool, 24*25 

Anglesea, 34*5 

Caernarvon, 54 

Montgomery 
& Merioneth, 54 

Cardigan, 37*5 

Pembroke, 31-40 

Caermarthen, 

Glamorgan, 42 

Somerset — 
Taunton, 1906 

W. Harptree, 36*76 



South Coast. 



Cornwall, 

Devon — 
Sidmouth, 
Dartmoor, 
Plymouth, 

Dorset — 
Abbotsbury, 
Blandford, 

Hampshire— 
Aldershot, 
Woolmer 
Forest, 

Sussex — 
Hastings, 
Chichester, 

Kent and 

Surrey — 
Margate, 
Cra^rook, 



22-47 

16*64 
52-33 
45-100 

18*45 
29 

1651 

26*90 

18*18 
32*79 



16-38 
28*90 



East Coast. 



oi 



Norfolk, 
York (High 

Grounds), 40-50 
Doncaster, 21 
Durham — 
Bishop Wear- 
mouth, 17 
Northumber- 
land — 
Newcastle, 24 
Shields, , 23 

Inland. 
Staflfordshire, 23 
Leicester, 19-26 

Bedford, 16 

Middlesex — 

Hampstead, 16*22 

Winchmore 

Hill, 23*11 

Wiltshire — 

Chippenham, 18*14 

Salisbury, 25*25 



Average of 14 stations on W. Coast, 43*33.- 

12^ „ S. Coast, 30*26. 

6 „ E. Coast, 2516. 

7 n Inland, 2014. 



9t 
tf 



23 



*♦ Nature, Dec. 26, 1872. 




Ireland. _ 

Waterfortl, 39-5 ^^H 

3S-6 ^^H 

^^M 

W. Germany, .... SO ^H 

Bwadea, 20 ^^H 

Mr. Symona rightly doubta the importance of the coin- 
l.(adence with cyclonic periodicity, since greater energy of 
F-cyclonea can hardly lie espect«i to inSucnce the rainfall 
iTer the whole glolje. 

But from a very extended compariaon of observationa, the 
conclusion seeins justified that the maximum and minimxim 
Bira spot yeaj-a have respectively a larger and smaJIer nnm- 
ber of atmospheric diaturbancea, ranging from. 9 to 12 on the 
table, Art. 310, and that the raiafall likewiae varies. But 
Buoh annual variation cannot take place without correspond- 
ing variations of temperature, and as this would depend on 
L unequal aolar i-adiation, the coincidence eiapiiically oacer- 
■tained may yet prove to include electric and magnetic dis- 
Jjturbnnces, and to refer all to a common cause. 
■ The following lines, on the adjoiniog table, taken from Sir. 
■Symon'a Aliatract of liainfuil, 1832-68, an-anged according 
to sun spot years, will illustrate thb apecial relation, and 
jive a foil' comjiariaon of tlje rainfall over the globe. 
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SECTION n.-SNOW AND ICE. 



; Fonn of ita Cryatnla— Hnar-frost— Snow Flakea— Sleet— Tel- 
turc and Colour of Snow— Snow as compared with Ram — Limit 
of Snowfall — Snow Line, or Limit of Perpetual Snow — Height of 
Snow Line in diSerent Latitudea — Geological Lnportance of Ics 
— Tomparature and Denirity of Freezing Water — Denaity of Salt 
Water at Freezing Point — Lowering of Freezing Point by Prea- 
eure — Influence of Forces applied to Ice~P^ticity of Ice; 
Glaoier Motiou — Expansion of Frozen Water : its Ueologiciil 
Effects — lee Fonned cy Compression of Snow — Genesis of a 
Glacier — Unequal Movamant of Parts of a Glacier— Strocture of 
Glacier Ice— UDinpariHan of Glacier and Lake lee — Daily Motion 
of Glaciers— Cue vea of Glacier Valley : their Influence On Erosion, 
of Valley — Mean Daily Motion; Seasonal Variations — Varia- 
tion of Movfiraeut at Surfaee^Variatiou o£ Movement below 
Surface — Retardation due to Compression — Difference of Eiver 
lutJ Glacier — Bifarcation of Glacier — Crevasses: Bergschrund 
— Dirt Bands — Diminution of Glacier by Superficial and Tar- 
tninal Waste — Dimensions of Glaciers — Diminution of Feeding 
Ground ; Surface Waste — Avalanches — Position of Morainio 
Detritus on Glacier — Part of the Detritus sinks into Uia 
Glacier — Moraines of Deposit — Subglacial Stream: Notch in 
Terminal Moraine — Glaciers at Sea Level — Striation of Glamet 
Bed — Charncteristio Features of Glaciated District— Ertant of 
Ice over Different Regions — Development of Ico Sheet of N, 
Hemisphero during Glacial Period — DetinitiDn of Glacier and 
Ice Sheet — Ice Sheet formed by Fusion of Local Glaciers— Lower 
BonlderClay: the Moraine Profonde of the Ice Sheet — Upper 
Eouldar Clay— ^Kelatian of thasa Two Deposits— Erratics— Pack 
lee : Ice Foot — Coast lea— Ground Ice — Iceberg— Ice Floe — 
Travelling of Icebergs — Geographioal Effects of Icebergs : 



201. Snow. — The particlea of aqueovis vapour in tlie atmo- 
^ Bpliere are frozen wlien the temperature falls below O'C The 
crystalline figures then formed are hexameraL The aimplest 
forms are aix-sided rods; moi-e complex combinations are 
offered by staiii, the i-ajs of which consist of simple rods, 
■whose extremities are bevelled into six-sided pTraniids. Tha 
angles of these I'aya are 60°, and if aecondaiy rods project 
from them, these also have an angular divergence of 00°. 
But this regularity is lost sight of in the secondary omamen- 
|ation when that ceases to be rod-like. Petaloid figui-es may 
B reduced to the simple six-rayed tyjie, but it is scarcely 
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pnssililc to Iriico tlie fecti]inear founiiatioii of many 
Eecondaiy piLttems. Mr. GloBhier'a figures of anow c. 
might easily be miataten for drftwings of the si] 
fikeletona of radiolarians, or miciroBCopic jirotoBoa, w] 
homogeneoUB body Bubstance ia aesociated with frameworfw' 
of tbe moat exqiiiaite beauty, and marvelloua regularity. 
The crystfils BometimeB form regidar hexagonal platee, which 
may be deduced fi'om the six-i-aycd stars by increafiing the 
secondary myleta. 

202. Hoar-froflt. — Crystals ai-e formed after dewfiill 
tbe temperature continues to sink; but they are Icsa 
and they adhere so as to form, not a continuoua lay 
fur of uiinuto pyramida. 

203. SnowPlakcB: Slaet— Snow flakea are formed by 
aggregation of the crystala into massea vaiying from an inch 
to a quarter of an inch in diameter. Their ailheaion is lew 
perfect the lower the temperature; and boys are well awM 
of the fact that sdow which will not work into balls ia nlwaj 
small flaked. Sleet appears to he snow flakes partially inelt 
in their descent, and accompanied by moistiii« condensed 
the surface of the irregulta" masses. 

304. Textnre and (&lour of Bnow. — The vaiiety of surfa 
i»hioh the bevelled spicules of a snow crystal ofier to the ligh^f 
yields an infinite play of prismatic colours, which combine 
into white; while tiie reflection from the ciystalB in the walls 
cf cavities, formed by air entangled among the crystals and 
fiakea, contributes to this effecb in the same way that salt or 
sulphate of magnesia is "whiter in mass than when in a thin 
layer. The red and green tint of anow witnessed in the Alps 
ia due to the presence ai Protoeo(xua nivalis, a microscopic alga. 

205. Ssow as compared witb Rain. — l^now is to water as 
1 to 10 by weight on an average; but the small size of the 
flakes Rometimea diminishes the ratio to 1 : 8. In general it 
may be held that 1 inch of anow is equal to ■! inch of water. 
But the eflecta of anow are not to be thus estimated. Whereas 
evaporation reduces rapidly the temperature of the soil on 
which "l inch of water has fallen as min, an inch of snow 
c^cks terrestrial radiation because of its low conductivity, 
and of the air entimgled in its mass; and this same fact likoi 
ime preventB the evsporatioQ from the Burfaco »A Vaa "" 
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20°C., or mucli more, may exist between the soil under ll 

and the air above it. 

206. Limits of Snowfall.— To the south of I 
never falls in Eui-o[je; but the line, whicli mar 

most southerly extension is not a straight one. It is, in {acti 
the isotherm of 1 1 '1° C, and this, like all other lines of equal 
temperature, passes into lower latitudes over continouts ; into 
higher latitudes over oceans. In the Atlantic it recedes to 45°, 
and over N. America descends to 33°K lat.j in the southern 
hemisphei'e the limit shows similar but less extensive curves, 
the fle>aires northwards corresponding to the southern apices 
of Australia, Africa, and America. 

207. Snow Line, or Limit of Perpetual Snow. — Tho 
anow over the greater part of the areu tlma marked oft melts 
after it falls; but as we advance towards the poles the length 
of time during which it lies, that is, renmins unmelted, 
increases, till, in 78°]^. lat, 5i-5°S. lat, the heat of summer 
is unable to remove the winter's accumulation, and the aoow 
is there said to be perpetual. While this is the horizontal 
limit of perpetual snow, the vertical ia at an increasing height 
above eea level, till, at the equator, it is on the Andes of 
Quito 15,800 feet above the sea. But the lines connecting the 
equatorial with the polar limits are not regular any more 
than are the isotherms; in other wottlB, the shell of air at a 
higher temperatmre than 1 '0° C. is not of uniform thickness. 
Ia the first place, it ia nearly at the same height from the 
equator to 20° on either side of it; theuce it declines slowly 
towards the poles. But the area is unequal in the two hemi- 
spheres, since it reaches 23° farther towai-ds the pole in the 
north than in the south. I'oi-ther, its height varies under 
local conditions; thus, it is 4000 feet lower on the south faco 
of the Himalayas than on the north. On the east side of the 
Ajides it is more than 2000 feet lower than on the west. 
The quantity of moisture determines the amoimt of precipi- 
tation, and it is greater over the plains of Bengal than over 
the dry, heated Thibetan plateau; greatest over the track of 
the 8,E, tiadea blowing irom the Atlantic; while the steeper, 
barer slopes towards the north of Asia and towaitls tha 
Pacific retain lees moisture and absoi'b moi-e radiant heat. 
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HEIGHT OP SNOW LINE IN DIFFERENT LATITUDES. 





Lat. 


Height in Feet. 


Spitzbergen, 


N. 80' 


JE. 
JW. 2500 


Norway, .•..., 


7r 


2500 


•«•••• • • • • • • 


70' 


}2900 
J3350 


Suliielma, .... 




3835 




CO' 


5 C.» 4450 
(Lt 6500 


• !•••• • • • • • • 


Kamtschatka, 


56-30' 


6249 


Oonalaaka, Aleutian Isles, 


53-30' 


3510 


Aldan, 


61' 


4476 


Altai, 


60' 


7040 


Alps, 


46' 


JN. 8500 
{S. 8885 


Caucasus, •••.•• 


43' 


11,063 


Ararat, •••••. 


39-40' 


14,170 


Pyrenees, 


42-75' 


8,950 


Eocky Mountains, • • • . 


40'-43' 


12,500 


Etna, 


37-75' 


9,500 


Sierr^ Nevada (Spain), • 


37' 


11,200 


Himalayas, . . • • . • 


28'-29' 


J N. 19, 560 
S. 15,500 


Abyssinian Mountains, • • 


13' 


14,000 


Andes of Quito, • • • • 


0' 


15,800 


Bolivia, • • • • 


S. 16' 


17,700 


• •• ct* • • • • 


18' 


20,000 


••• ••• • • • • 


27' 


13,800 


Chili, • • • . 


33' 


JE. 12,700 
I W. 14,700 


• •• cat • • • • • 


42-30' 


6,010 




43' 


6,000 


Mount Cook, New Zealand, • • 


44-25' 


5 S.E. 7,800 
|W. 6,900 


Straits of Magellan, . • • • 


63 30' 


3,707 


South Georgia 


54-30' 






* Coast. 



t Interior. 



208. Geological Importance of Ice.~-The geographical dis- 
tribution of ice, as it is popularly understood, in the shape, 
that is to say, of solid masses of considerable size, is perhaps, 
from the geological point of view, the least important of all 
the facts concerning this form of water. Large as c.\:^ -tVjiSb 
glaciers of tropical and stib-tropical lau&a, ^^\:c ^^'i^^^ «sa 
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^^H* ti'ifliug in conipai'isoti witli the modifications of the featoRS 
^^Bof a country efTect^Kl at, every point of tliD tompemte regions 
^^H ty the conyersion of wateiy Tapour into ice. 
^H 309. Temperature and Density of Freesinff Water.— 
^^V tVesh water attaiiis its maximum density at 4°0.; if the 
^^Btemperaturo sinks below that point fi'eeh water exponda 
^^Hgradually aa the tem]>eraturo falls, till the freezing point is 
l^^r attained, at which there is an abrupt increase of Tolnme 
caused by ahstraction of heat during solidification, but with- 
out any lowering of temperature. 

The lowering of the temperature is effected by convection. 
When the surface layer has reached its extreme density at 
4''C., it sinks to the bottom, and there is a vertical circula- 
tion which only comes to an end when, all being of the 
same density, thia vertical motion is no longer possible. If 

• the water now remains still, it may continue hquid even 
though the temperature sinks considerably below 0°C Bnt 
if such lowering takes place, a very slight disturbance will 
convert the whole mass into ice. But this process ia not an 
indefinite one in water of any depth, and havuig a consider- 
able extent of surface. Evaporation accelerates the cool- 
ing of the surface, and irith the continued Kinking of the 
temperature to O^C, the point of maximiim density is passed; 
thereafter expansion occurs and the chilled water floats. If 
ice is formed, that also fioata, being of lees density thnn the 
chilled water. The change of behaviour, at a point Bh','rt of 
freezing, prevents the fresh waters of the globe bemg frozen 

t throughout tlieir mass. After a c-ake of ice ia formed its 
increase ia slow, the cake, among other effects, checking cool- 
ing by radiation. 
310. Density of Bait Water.— But tho ocean is diffei-- 
■ontly affected by cohL As has been ali-eady said (Art. 
74), salt water continues to contract to its freezing point, 
-a-GT'C. (254°F.) if kept still, -S^G^C. {27-2''F.) if 
disturbed. 

211. Lowering of Freezing Point. — Professor James 

Thomson infoi-red, from the mechanical theory of heat, that 

the temiiemttiTO at which water freezes is not a fixed jioint, 

I^^B hut that it must vary with the pressure applied to the ^val«i-, 

^^^■Bnd communicated by it to the ice in process of fiTezing or 
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melting. To fact, lie found that Uie freezing point must vaiy 
with pressure, jtiat as the toiling point was already weU 
known to do. From experimental data of various kinds he 
deduced, by theoretical consideration 8, the result that the 
freeaing point must be lowered by ■0075'C. for one additional 
atmosphere of pressure applied, and twice as much for two, 
thrice as much for three, and so on for majiy additional 
atmospheres. This deduction was auhsequontly confirmed 
experimentally by Sir William Thomaon, 

212. Influence of Forces Applied to Ice. — Professor 
Thomson also deduced afterwards, by other theoretical con.- 
siderationa, that any force whatever which tends to alter the 
form of ice wet with ice-cold water, whether these forcea 
apiJy to the ice pressures or tonsiona, that is, pushes or pulls, 
whether they are twisting or crosa-bending forces, must 
impart to tlie ice a tendency to melt and to give ont itB cold, 
vMcli will tend to generate, from the surrounding water, a 
oorreaponding quantity of ice free fi'om the applied forces. 
Thie second reaiilt, it is to he oh.'sei'ved, is quite distinct from 
the former one, which related to the lowering of the freezing' 
point by pressure applied to the water and communicated by 
it to the ice; here the forces are applied to and ti'ansmitted 
through the ice alone, and are not coumiimicatcd to the wat<a 
at all. 

213. PlaBticity of Ice; Ifotion of Glaciers. — From those 
two principles, and eapoci.alij from the later of them, he hag 
offered a theory to account for tho plasticity of ice, as mani- 
fested by the motion of glaciera down their valleys, post all 
kinds of obstructions and siniiosities. He has pointed out 
that, whatever part of t!ie ice may be subject to forces tend- 
ing to change its form, that part must proceed to melt away, 
and to give out its cold to the siirratuiding liquid. Each 
such melting away, and transfer of forces to newly frozen 
ice, must entail a change in the general dimenBions of the 
mass of ice as a whole, which will constitute a flow of the 
glacier down its valley. The yielding hy melting entails also 
Bnccessions of ftnctiu'CS, etthev as small fissiu'cs or gi-eat 
crevBsseji, which allow a more general rapid movement tiiau 
would occur in. virtue of the melting and reffeezing alone, 
Tlie fi-actuted ma-ssea reunite when jivcaaed tog,cti\\ev c^wLn-iSK; 
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r the suliseqiioat progress of the glacier. The principles 

brought forwaixl by Professor Janies Thomson i-elative to 

umultaneouB melting and freezing luider forces which tend 

chtinge the form of the ice, appear to aiford an explana- 

. tion of the procoas of " regelation," discovered by Faraday, 

L-Vken he turned attention to the fact that two pieces of melt- 

'" _ ' ) will, even in hot summer weather, unite firmly 

■ together if left pressing against each other.'* 

214- Expansion of f lozen Water: its Oeolo^cal ESboie. 
r— Wat<r, when it posses into ice, changes ita volume fi-ora 1 
t to 1-09!). In the well known experiment, water in a corked 
r bottle is frozen, and the bottle bursts ; but if the cork is left onti 
ft plug of ice projects from the neck. As the surface of tiiB 
eai-th in temperate regions — and thesa represent the greatet 
pai-t of the area of the northern hemisphei-es — h coustantly 
charged with moisture, the freezing and ejqiansion of tie 
irater with which the gi-onnd is saturated has the effect of 
r loosening ita pai-ticles, and altliough no apparent change may 
I be obvious duiiug the frost, when the thaw cornea the loose 
I gnmular condition of the soU is very apparent; nay, ■ne can 
I aometimes even detect an appreciable elevation of the siirface 
I to the extent of ao inch or two inches above its former level. 
* Buch a loosening of the particles prepares them for removal, 
' and thus the agency of frost is one of the most important 
in atmospheric denudation. In glacier valleys, the surface 
moraine is derived fi'om the sides of the vsUey, but this 
debris ia very seldom obtained by the undercutting of the 
cliffs, the unsupported lace of which would then tumble, aa 
happens in river valleys; the rocky fragments are in reality 
cast off by the rending action of the ice formed in their 
^^ interstices, which splits them wedge-like, producing ever 
^K fresh Bui-faccs. 

^P S16. Ice Fonned by Compression of Snow. — But the 
^H conversion of water directly into ice is only one of the 
^^K methods of its production. The enormous masses of this 
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material wiicli con&titute a, glacier, are oljtained by 
gradual compi'essiou of saow till it ]mB passed from 
cryataliine foi-m into thut of soiid, transparent ice, The 
colour of snow is due, as has been said, to the presenoB 
between tlie crystals — entangled amongst the crystals— of 
au- whicli intensifies the white formed by the blending of the 
prismatic rays from the crystallino fiices; and from the dali 
opaque appearance of snow to tluit of clear ice, several 
tniDBition stages may bo observed. The imperfectly consoli- 
dated snow constitutes nt-vc or firn, the fi-iable mass (it rotten 
ico of Alpine travellei-s — fuund for the most part above the 
snow liiie. 

316. Genesis of a Glacier. — The passage of snow into ice 
takes place in this way : the snow which falls upon the 
mountain summit is increased from time to time by fresh 
precipitation; but in tlie interval it imdorgoes diminution by 
eraporatioo, which takes place to a very great extent even, 
ia the most remote Arctic regions. The supply of snoW| 
liowever, is in excess of the removal by this process, and thuff. 
. ve have from year to yea,r an increasing residue, which grad> 
oally rises higher and higher above the surface of deposit. 
If the area upon which this increasing mass alights sinks 
to the low grounds by vertical cliffs, accumulation may go 
on for a considei'able time before any of the mass leaves the 
surface ; but as the depth of snow increases, the pressure 
upon the lower strata likewise increases, and unless the area 
is confined, that pressure produces lateral displacement of the 
lower portion, which then falls over the clifTs, In such an 
imaginary locality no great amoimt of ice may be pi-oduced, 
this lateral displacement relieving the vertical pressure. 
But, in general, the snow alights upon tlie summits of hills 
from which gradual slopes descend, and the vertical accumu;- 
lation, pressing vertically upon the lower strata, dis|)laces them 
downwards along the line of slope, and thus we have at once 
pressure acting in two directions — vertically through tha 
mass, and parallel to the suifhco of tlio slope, causing the 
extruded portions to descend to lower levels. But as the 
vertical accumulation goes on steadily increasing, the porti<air 
^bat descends the slope likewise increases; and by the doublft 
lire, vertically and from behind, the 
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miide to pass tlirougli a niv6 stage, and to acquire that o£ 
pure solid ico. This dcsceudiDg mass is not, however, uni- 
form in compoeition tliroughout; the sviriace is covered witb. 
fresh fallen enow, and we have, therefore, trajiaitiona verti- 
cally from snow, through n^v^, into the characteristic glacieT 
iue. The simple push from the feeding ground ia speedily 
exhausted, the motion of the glacier being due to that plai- 
tiuity v^hich vaa explained in Arts. 212, 213. The moving 
mass descends the valleys in exactly the same 'way that a 
rivulet descends from the summit of a waterparting, and the 
glacier therefore has a. superficial resemblance to a river, but 
the conditions of its motion are in contrast with those of the 
flowing water. 
217. Unequal ICovement of the parte of a Glacier. — But 

the surface of the moving mass exhibits features simUar to 
those on tie surface of a river, and we can map the appeaft 
ancB in the one cs^e by the movement of the debris which 
tumbles upon the surface of the ice; in the other case Ijy the 
foam 01- drifted material carried forward by the water. In 
Loth we have the friction of the moving masa greater M the 
bottom than at the sides of the stream, and least in the centre 
at the surface. The motion, therefore, is most rapid at tha 
last-named point, and in consequence wo have a series of 
cnrves, the convexity of which points down the stream. 
Hence the detritus in mid-stream arrives soonest at the end 
of the river, be it of ice or of water. 

S18. Stniotlire of Qlacioi Ica^Glaciei-s exhibit a strati- 
fied appearance, which is due to certain subordinate processes 
that their materials pass through. In the intervals of snow- 
fall the sun acta upon the surface, and with great intensity 
at the higlior parts of the mountains. It melts the particles 
Bomewhat, and forms aji imperfectly consolidated layer of 
greater or less thickness, according as the interval between 
the successive snow showers is greater or less; the danger of 
glacier travelling ia, therefore, in proportion to the frequency 
of the snow showers, for the leas the interval the softer is the 
sm-fiicQ. The vertical pressure, already spoken of, thus 
operates not upon snow alone, but likewise iipon imperfectly 
trozw. layers, formed by the consolidation of water — that is, 
" melted snow particlea. 
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219. Compariaoa of Glacier and Lake Ice.— The oiigia 
and subsequent history of liiko and glacier ice being unlik^ 
their structure is likewise dissumJar, The lake ice represents 
the slow ciystallization of the water, and shows a beautiful in- 
teraal atmctiire when examiiied in strong light. The crystola 
of ■which it is built «p ai-e identical with those of snow, and lie 
in the planes of freezing. The glacier ice, on the other hand, 
is formed by compresaion of snow; and in the process the 
crystalline character is annihilated, yielding idtimately a 
transparent substance. Moreover, in addition to vertical, 
there is lateral pressure and motion : the ice mass is broken 
up internaUy by the motion, and cornea, in fact, to present a 
granular aspect, not a ccystelline one. They stand to each 
other, as Helmholtz puts it, in the same relation as calc spar 
and marble, both of which consist of carbonate of lime; but 
in the former, aa in lake ice, the material is regularly 
crystallized; in the latt«r, as in the glaoier, it is in irreguli 
etystalline ginina. 

ZHO. Daily Uotion of Glaciers.— It is well known that 
glaciers descend the valleys in which they lie. Their lowOT 
end i-emaina at the same place for many years, notwithstand- 
ing the incessant melting to which it is subjected, and this 
fixity can only be secured by a constant supply from above. 
The fact that the glacier extends beyond the limit of per- 
petual snow, necessarily presupposes motion. But apart 
from theoretical considerations, the motion has been observed 
and registered by recording the movements of the debris on 
its surface, and by the insertion of posts in lines across the 
ice. On the Mer de Glace, below Montanvert, the daily 
motion of pegs inserted in a line from west to east, was found 
by Tyntbill, 13, 17, 23, 26, 25, 26, 27, 33 inches. Higher 
up, opposite lies Fonts, the posts trom west to east showed 
a movement of 7, 13, 16, 20, 21, 23, 22, 15. "Without 
following all the details of the expei-iment, suffice it that the 
shifting of the maximum Ki>eed from one side to the other 
corresponds with bends of the valley; so that glacier and 
river alike impinge most forcibly on the concavities of the 
curves iu their course. To this extent, therefore, the general 
■tatenient that the ice in the centre of the surface of the 
^^laer moves fasteat, must be modi&ed. 'I 
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221. Curves of Glacier Valley; their Influenea 
ErOBion of Channel. — The significance of the facta jnBt ' 

mentioned Vies in tiiis, tliat in some valleya or fiords, snch a 

ihtit of Locli Long, iu Argyleshire, tlio deepest sounding 

Are nearer alternately to one or other side, and that tbe 

bdoviatioais gFeat«st below the point at trhich a tributaiy 

I glacier entered. Of course this depth cannot fairly be 

1> ftssigned to glacier ei'osion, nnlesB its amount exceeds thftt 

I "irhich a. river of water is capable of scooping out for itself 

"33. Mean Daily Motion; Seasonal Variations.— The 

imum speed of the Mer do Glace, observed in. these 

I experunents in 1857, ranged from 20 to 33 or 36 inches 

[* daily; white the movement at the margins yaried from 7 to 

I 15 inches daily. On the tributary glaciers the movement is 

I less rapid; that of the Glacier du Odant showing 11, 13, 

I fi inches as its lateiiil and maximum movement along tha 

I transvei'se line; that of the Glacier de L^chond showing 5, 

10, 6 inches. The winter motion of the Mer de Glace in 

I 1859 showed, from observations near Montoavert, a speed 

I only half that of the summer montha. 

I 336. Variations of Movement at Surface. — It appears 

I from Tyndall's obsei-vation,*^ tlijit not only does the majtimum 

I velocity shift towards the concavity of the valley curves, but 

I that tho movement is alternately faster and slower along 

I l^e same line. These iiTegularities are due to inequalities 

fi of the cliannel in which the ice flowa, inequalities suoh as 

to make obvious at the suiface the frictional resistance to 

which the obstacle gives rise at the hottom. 

234. Variation of Movement Below the Surface. — Tbe 
diminution of frictional resistance is progressive from below 
upwards; but tha diiference of rate of movement in the 
highest and lowest portions, is proportional to the .depth of 
the glacier. It has been stated that the surface velocity 
vaiies, a reduction taking place where, probably, inequalitira 
of the channel diminish the vertical thickness of the ice. 
An observation of Tyndall's on the Glacier de G&uit showed 
that the motion at i feet from the bottom, at 35 feet from 
the hottom, and at tho top was 2^ inches, i^ inches, 6 iddtw 
in twenty-four hours. ^^^ 

i * Foi-m of W<i.Ur, pp. CT-OT. 
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223. Hetardation Due to Compression. — Tho Mei- de 
Glac« is the joint sti'eaia foiTiiwl by the glaciers de U^Hnt, da 
L&haiid, and de Talefre. Tlie width of these before theip 
imioii is 2597 yards; but afterwards tlie tlii'ce pass through 
a valley, which at Trfilaporte is only 8D3 yai'da wide. Beitnf 
this point the maKinium velocitiea, already referred to, wesa 
20, 23, 34, 25, 2T inches; but in the Glaoior de G&int, three 
points in the length of the stream moTcd 20'55, 15'43, and 
12'75 inches daily, and aa the estreme pointa were 1039 
yarde apart, the inference seems fuii* that the compression of 
the ice iu the najrows, said the consequent deepening of its 
maea, have to do with the retardation, the counterpart o£ 
-which would be found in a river under similar conditions. 

228. Diffeience of River and Qlaoier. — Similar as are 
the movements of fluid and eolidifiod water, one geologically 
importiuit difi'erence exists. The river ia arrested by aa 
obstacle and flows round it, the ice siu'mounts the obstacle, 
retaining to a considerable extent its avei-age tliickneaa. The 
iee ia not rigid, neither is it viscous, hut it has a certain 
power of adaptation to the inequalities of its channel,, 
conferred by that plasticity which h^ been spoken of ia 
Art 313. 

227. Bifurcation of Qlaciera. — In one very important 
particular the glucier differs from the river; for while both 
are enlarged hy the convergence of tributaries, the river only 
divides in the delta, if it foi-ma one. But the glacier, by 
virtue of its plasticity, ia not arrested, is not always diverted 
from its coutbo by elevations of its channel. An inequality 
of surface which would conatitiito a watorparting between 
two streams of water, may present no obstacle to an ioft 
stream. The glacier may, however, divide, and ite moieties 
may descend valleys which lead ultimately to different seB& 
Between the soiu-ce of the Tweed and St Mary's Loch, twft' 
examples of such bifurcation are recorded in the still fredt< 
moraines. The glacier which occupied the seat of Loch- 
Skene divided oa the opposite hill, and the curved terminal] 
moraine sJiowa that one portion went towards the Grey'^ 
Mare's Tail to reach the Sol way, the other descended Wintei^ 
a Bum to join the Megget. On the opposite side of thi 
aiting, the Upper Tulla glacier eiimiaiiVj Oiviit&i ' 
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_ ortioji passing to the left, the otiior passing by Megget to 
Bt. Mary's Loch.* 

828. CrevaBsea: BergBChrund. — "When the angle of the 
ted of a glacier changes; a, if the bed rises, tbo ice of the 
upper Btratum passes through a greater apace in the same 
time than that of tho lowest layer; b, if the bed alopea 
downwards, the bottom moTea through a greater arc in the 
e time. lu the one case the suiface is oompressed; in 
the other it is stretched. 

The cixBa fractures, known oa crevaaaea, occiir where a 
change of level takes place, as in the cascade of the Oladec 
du. Geant, where the bed suddenly slopes, and in the Gomet 
glacier at Zermatt, where the more rapid motion of the mid 
stream strains the lateral portions, which break when ths 
pull exceeds a certain amount, in other woida, when it il 
greatly in excess of the yielding by melting (Art. 213). 
The ridges between these transverse fissures may give y/Aj 
under local strain, and originate new fissures connecting th« 
crevasses, the portions of ice thus isolated being known t» 
B^racs. The bergschrtind is a crevasse formed where the 
n6v6 adheres firmly to an outstanding precipice, while its 
lower part is oaiTied forward by the stream; in this, as iu 
the other case, the lino of fracture ia at right angles to 
that of the sti-eam. 

229. Dirt Bands. — But below the point at which the cre- 
vasses are fonned, regelation unites the bi'oken surfaces; 
not uniformly, however, for the portions descend so as to 
present a series of terracea, just as a faulted mass of iwia 
presents inequalities of level of its pai-ts. Solar radiatioE 
begins to act, and, as the vertical face of the terrace melta at 
a, diffci-ent rate ii'om the plane surface, alternate bands of 
pure acd of debris-strewn ice result, the latter soon showing 
the characteristic curves of a stream in which friction retaiiJs 
the lateral portions. 

230. Diminution of the Glacier by Superficial and Tei- 
minal Loss. — The upper surface of the glacier undergoes 
diminution by evaporation, and the lower by melting. The 
Bun's heat during the day melta the surface, and the water 
poura down into the centre of the ghicier through the ere- 

• Qmrt. Jour. Geot. Soc, 1SC4. 
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vassea. TLe limit of forward mOYemont of tho glacier is 
deteiiniued hy tlie temperature of the valley into which it 
flows, and Tariationa of temperature are rooorded by the 
position of tho detritna which fills from the extremity. If 
the heat of the yalley is such that the nielling of the ice ia 
equal to its forward movement, the extremity of the glacier 
is stationary; if the melting is greater than the supply from 
behiod, the extremity recedes; if, on the other hand, the 
forward movement ia in exccHs of the melting, the glacier 
advances farther into the valley, anil these three atagea are 
illustrated from time to time in the Alps. Tho rate of 
movement haa been determined by Agassiz, Forbes, Tyndall, 
and others, and varies from a few inches daily to a few feet. 
The backward or forward movement of the glacier, or, aa it 
may be more stHctly called, the advance or retreat of its 
lower limit, according to seasonal variations or climatal 
changes during long periods, is estimated by the position, at 
the extremity of every glacier, of the detritus which it 
conveys. 

231. BimensionB of Qlaciers. — Tho length and depth of 
a glacier depend on tho area of the feeding ground, the 
number and size of tributaries, the amount of snowfall, and 
the temperature of the valley into which the ice descends. 
The Alpino glaciers are never more than thiily miles in 
length at tira present day, but the signs of their former 
greater size are ti'aceable for more than sixty miles fi'om the 
present end, and their acoringa are seen 2000 feet above tho 
bottom of the valley. Nowhei-e in low latitudes are such 
dimenaions to be found now. Higher average annual tem- 
pei'ature, due to secular changes; a drier atmosphere, conso- 
quent on man's agricultural opei'ations; hot winds from the 
Sahara saud desert, in place of tho cooler moiat winds 
which crossed the foimer water surface of that region- — all 
theae have tended to diminish the size of the Alpine glaciers. 
Ill the Himalayas, a glacier of 36 miles long haa been 
measured, and in New Zealand the gi'eat Taaman glacier it 
12 miles in length. The Humboldt glacier, in Gi-eenland, 
measui-es at the coaat 60 miles aci-oss, and 300 feet thick. 

333. Diminution of Feeding Ground: Surface Wash,— 
In addition to these climatal changes, it m\\st \)e \emn'«i\«.x^ 



I 
I 



[ 22a 



:. GEOGRAPHY. 



E llmt tlia downward passage, even of nive, denudes tlie rock 
f.Over which it traTela, la all hilly diatricts on whicli bmw 
I Jiea for some part of the year, the higher slopes ai-o covered 
7 with a quantity of irregular debris, the fragments of which 
»re often irregularly sctutched. The snow, slipping from 
time to time, tumbles these fragments over each other, and 
they are gradually can-ied down hilL Tliis surface waah is 
also met with in glacier districts, on spots too steep for tlw 

I formation of a glacier. During the long periods that the 
incipient glaciers have slowly ground their beds, reductioa 
of the snow field or feeding ground must have resulted, mi 
this must' be added to the causes of the di " ' 
glacdeis. 
233. AvaJanches.— If the &lupc _ ^,,._ Lr 
to accumulate and slowly compress its lower sti-ata into ice, 
the snow, or it may even be the a6y6, glides down, when the 
equihbrium ia overthrown. These avalanches are often of 
enormous size. But ice avalanchea also occui' when a glacier 
foiins in a hollow, which terminates not in a gentle deolivity, 
but either in a clifi' or in a slope too steep for it to rest. 
The end of the glacier breaka off; if it were in water, it 
^^fc ■would float away as an iceberg; being on land, it forma an 
^^kftTolanche, 
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Fositioa of Detritus on Glacier. — Moraine i 
used for the iTibbish while it is still being boi'ne hy the 
ice. The larger blocks, and the more conspicuous debris, are 
along the sides of the gincier, l)cing derived from the walls 
of the voile;; mid if the glacier I'emaina single, the two 
nifU'ginal lines run parallel ueavlj to the end. But if two 
glaciers unite into one stream, the adjacent lateral moraines 
coalesce, and form a single median moraine. But this union 
ie accompanied by a change of speed; for whereas both lateral 
moraines were letarded by fiiction united tliey descend 
witii. the speed of the central stream The finer detritus, 
and the small isolated stones sink into the ice being heated 
by the sun But all debus m laige enough blocks, or in thick 
enough laye-s to permit the slow conduotn ity of stone to 
come into play remains on tlie surface As iJie ice melts, 
that poition on which the oljects rest is protected from 
the Bins heat it does not melt and tl us comes to form 
a pillar or a iidge with a n ore or less Gi.tengive cap. In 
tiie eame wa^ an all ].cbbkt ] lotect little conea of aand from 
I til s cu L. to to 1 ks 11l inter 
lows 1. lull 
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235. F&rt of Debris Binis into Glacier. — But no 

the rubbiali remains on the sm-face; part drops in between 
r the ice and the valley wall, part is engulphed in the crevasses. 
Eeceived into the spongy, slualiy ice foiining the lowest 
atratum, the coarse and fine materials are caiiied forward, 
grinding and being ground- The sediments resulting from 
tliia process are carried out at the end of the glacier by the 
stream thence issuing, the watev of which is derived from 
the melting of the upper and lower surface of the ice. The 
coarser materials ai-e detained in the immediate vicinity of 
tlie glacier; the finer are carried away and deposited along 
the course of the river, the distance to which the conBaqaent 
muddiness extends depending on the npeed of the river, or 
the occuiTence of lakes m its com-se The loess (loss), -wiiieb 
forma so important a deposit m the tertiaiy seiiea of the 
Continent, is denied fiom glacier erosion. 

S36 UoraineB of Deposit —Two kinds of mitenal an 

found at the lower end of the glacier, the one distributed 

mostly in mounds, and consiHtrng of angular fiTi^nienta (rf 

rock m the same state 13 ivhen they fell from the slopes 

^^.,.,-1— bordermg the glacier , 

^.^-"""''^ the other consisting of 

.aan.«e(.^ -^ ^^^ mud, of gravel, 

^i^S^^^V -ind of laigsr blocks, 

■vil gluing evidence in 

then tounded edges and 

smooth Euifius of [ii jliiiiotd iiii Uun The supei-ficial mor 

alno, 6n the piles of angidar rubbish are called, may have the 

form of a series of cones, each cone corresponding to the line 

of detritus that has travelled down on the ice ; or it may 

appear as a continuous ridge pai-ailel to the face of the 

giMier, and sometimes so regular as to look like an ai-tificial 

embankment. The melting at the exti-emity of the glacier 

is not confined mei-ely to its face, but the sides likewise, for 

a short way up, melt at the «ame rate, and the i-ubhish boms 

at these parts, falling over, constitutes a lateral moraine, 

■which, uniting with the terminal moraine, may form a 

aemioircular barrier round the ice. These piles of angular 

Tnaterials, the size of the fragments in vrtiich is often very 

'iderable, rest uj>on a q^uautity pf deep moi'ainic mftttef, 
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As no English word exactly corresponds to tlie French terra, 
it is perhaps preferable to uBe it, and speak of the raud nnd 
polished stones as constituting the moraine pro/otide. This 
moraine profonde derives its materials both fi'om the upper 
and the under surface of the glacier. The heavy mass of ice, 
travelling slo^'Iy along its channel, grinds the surface of the 
rock beneath, and carries away a certain amount of finely 
pulverized material. The droppings from the sides, of the 
valley tumble either upon the top of the glacier, or fall into 
the groove between the ico and the valley wall. Some of 
the superficial moraine Ui'opB into the ice through the cre- 
vasses, and ultimately reaches the lower surface; while that 
which has fallen in at the side of the glacier very speedily 
gets to the bottom, and each particle, caught up and carried 
forward by the ice, becomes a powerful agent ia friction, 
disintegrating the surfnce over which it travels. But the 
fragments haie not the free motion of pebbles in water ; 
and while the latter rolling over and over acquire a rounded 
fonD, being smoothed at all points, the glacier -formed 
stones are usually angular, the angles being scmewhat 
rounded, and one or more of the surfaces uniformly smoothed. 
The direction of the scratches or strife upon these polished 
surfaces tells whether the stone has moved continuously 
onwards in the same line, or has moved alternately in difie- 
rent lines; in the- one case the scorings are parallel, in the 
otiier they cross each other. The mud and veiy fine sand 
form an impalpable powder, which takes a very long time to 
settle in water, and this thinner material issues ii-om beneath 
the ice in a turbid stream. 

S37. Subglacial Stream — Notch in Terminal Moraine. 
— There is constant melting going on between the ice and its 
channel, due to heat developed by feiction, to pressure, and 
the passage of water frem tbo surface into the deeper parts, 
the erridence of this passage being the fact that a g'aciet 
stream, is smaller during the night than during the day. In 
consequence of the permanence of this stream the tenainal 
moraine never forms an uninterrupted moimd, but is breached 
at some point or another, and the finer sediment is canied 
away to lower points in the valley, the coarser being left 
hehmd. If the glacier recedes rapidly, the moi'auie 
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is spread out na a slieet within the terminal moraino, and has 
all the appeai-ance of a newly-drained lake 'bottoni. If the 
rcoBssion is slow, rowa of terminal moraine form Bemicirdes 
tiaross the valley, and it is by the distance of the older monine 
monnds, from the ice at the present time, that we infer tho 
former estenaion of the glacier, 

S38. Glaciers at Sea Level.— To the north of 70° kt 
glaciera descend to the coast line. When the ice reachea tie 
Hca the dotrituB it carries is sjn-ead out over the" adjacent sea 
bottom. If the ice is in Bufiicient mass to puali out beyond 
the shore line, it may travel seawards for some distance in 
contact with the bottom before it gets into water deep enough 
to float it. As the specific gravity of ice ia such, that for 
every foot of ice above the surface of wat«r there are abont 
9 feet below, it ia ob\-ious that in shallow seas a glacier may 
extend very considerably beyond the limits of the land; nay, 
if the ice ia very thick, it mny spread over the anrfnoe of the 
Ben as a consiilerable cake before the movements of the water 
have sufSciont power to hreak it through. Kane speaks of 
the ioe aheet in the Arctic seas as moving up and down with 
the action of the tide like a door u]K)n its hinges. At aoms 
point or other of the floating sheet portiona ai'e detached hf 
the foj-mation of crevasses, and these float away as ioebei^ 
carrying with them, adherent to the imdcr surface, anoh 
detritus aa they may have picked up. Upon the upper bht- 
faoe, animals that have by accident been unable to escape are 
not unfrequently carried ; and in this way fragtuenta of the 
rocks of oue i-egion may be scattered over the ocean floor of 
another region, and the bones of animals may be found in 
latitudes to which they are not nativa 

239. Striation of filacier Bed.— The friction exci-ted by 
a glacier is greatest, obviously, at the bottom of its channel; 
but the Bides likewise are grooved and scratched in exactly 
the same way, although with diminishing force, aa far as the 
last point of contact of ice and rock. The former greater 
thickness of glaciera ia frequently recognisable from the height 
at which these lateral longitudinal markings are found above 
the limits of the present glacier. Glacier denudation is 
unlike that of rivers, inasmuch as, when aa obstacle ocean 
in its course, the results of friction are entirely confined to 



4 



CtiCUl PBHtOD. S3t 

tlie upper side of the obstacle.' Thus, we may (listinguish the 
lee side ofa projecting mass ofrock by its angularity; whereas, 
in a river, both the upper and the lee side are smoothed, 
although, pei'haps, not equally so. 

840. Characteristic Features of a Glaciated District. — 
The uniform, abrading power of the ice gives ft charooteristic 
roundness to the ioequalitiea of sui-faoe over which it has 
passed; and thus the centre of Scotland ia distinguished by 
the evenly eurved outlines of the hill summits, particularly 
in the southern districts. The Emaller dome-shaped bosses at 
rock are known as roches moulmmeeit, a term which, however, 
is eqiially apphcahle to the hilla. 

241. Extent of Ice over Different Eegiona.— The amonnt 
of ice covering particular districts voiies considerably. In 
the Alps, snow and ice cover the central summitB and the 
beads of the valleys, the peaks and ridges separating valleys 
being frequently entirely free. In Greenland, on the othsT! 
hand, no mountain peaks are seen projecting; but the 
country ia covered with a shoot ol ice and snow, which 
to rise inland, and to conceal ever, the most prominent featuretfj 
of tho land. But it must be remembered that little of the 
interior has been explored, and that fog and haze render 
unreliable the observations made from a distance. It ia 
pOBsil^le that Groenland is not a continent, but a scries of 
low-lying islands. 

243. Development of Ice Sheet of N. Hemisphere in the 

Glacial Period. — During the glacial period a sheet of ice 
covered the whole, even of the more pi-omiiient features, of 
the land in the northern temperate regions. The growth and 
diminution of this great polar ice -cap was gradual. The 
inci'easing rigour of the climate, dependent upon astronomical 
changes which will bo discussed hereafter, permitted the fop- 
juation of glaciers at firat round the central peaks of mountain 
ranges. As the cold increased these extended into the pl^n% 
and, filling the valleys up to their summits, flowed over them, 
so that adjacent glaciers became united. The land — in some 
areas at least — went down, and thus the ice covering became 
imiveraal; enormous tracts presenting tho appearance of Green- 
^j^jd. As the climate improved again, and as the land rose 
^^Kfre the level of the sea, the ice covering shrank, till at 
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^ only limited glaciers remninetl in the high grounds; and in 
Bome parts of the northern hemisphere these also disappearel 
Thus, in Britain, the hill districts of Wales, Cumberland, 
Bouth and north Scotland, still contain lite remains of glacieia 
' a the form, o^ moraines, as perfect as if they had been shed 



343. Definition of Glacier, and Ics Sheet — It is convo- 

nient to retain the distinction between glacier and ice shee^ 
notwithstanding the fact that they merge into each other. 
The former refers to a mass of ice whose movements are con- 
trolled by the minor featiu'es of a country; the latter to ft 
mass which has overtopped these boundaries, and Is no lou^ 
controlled by them. 

344. Ice Sheet of Glacial Period formed by FubIoh of 
Local Glaciers. — The theory that the ice coveringa of all the 
northern contiuents originated, each in its own district, and 

»that, as for esumple in Britain, each separate bill district 
l>ecame a centre for a separate mass of ice, depends for its 
proof upon tlie now well-aacertained fact, that the scratch- 
mga left by the ice follow the lines of | the great yalleya, 
and radiate fi'om the highest points of the country. Not 
merely do theee strire follow the valleys, but thoy curve in the 
valleys in such a way as to suggest a solid body which hoa 
^^ been deflected from side to side lUte a sti-eam of water, only 
^^L "with less eharp curvatures : they repeat, in fact, the defleo- 
^^K tions indicated (Art. 220) by the observations on the Mer da 
^^F Qlace. The mass of the Scandinavian peninsula shows very 
^" beautifully this radiation from tho higher grounds. In 
Britain we find indications that the ice sheet, as soon as it 
had become continuous, moved without regard to minor 
inequalities, though still retaining a certain relation to the 
leading features of tho couiitiy. 

845. Lower Bonldei Clay, the Iforaine Profonde of the 
Ice Sheet. — The noi-them part of the British Islands is 
covered with a series of accumulations, the lowest of which 
^^L IB a clayey mass, more or less tenacious, according to the 
^^■'Unount of shaley strata whose distintegration has contri.- 
^^B bated materials to it. In this clay are included fragments 
^^wof rock showing the rounding of the edges, the smoothing 
^Hflud scratching of the &aX sui-faces, and the frequent limits- 
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tion of tlie Bcratuliing to one face only; in fact, all thw 
charactera whicli are presented liy the gahtt bi the modern 
glacier. These materials, of various sizes and fihapes, are 
thro'wn together withoiit any oixler; they are scattered irro- 
gularly through the mass, and this, as well as their positions, 
indicates that they have not teen assorted by water. Tho 
absence of angular fragments in the mass, though they are 
freijtient on its surface, or to put it more plainly, the fact 
that all the fragments, targe and Bmall, have undergone Mo- 
tion, shows that tho till is not the remains of the superficial 
moraine, but of the moraine profonde. The absence of such 
tinwom fragments as have travelled along the surface of 
the modem glacier, might have been expected, since, in the 
first place, the ice sheet at the period of itB greatest develop- 
ment covered all the peaks froni which fi-sgments might 
have dropped on its surface; and, in the second place, the 
Bhrinking and i^e-extenaion of the ice ahoet, of whjch there 
is abimdant evidence, must liave given even to unworn frag- 
ments their galet form. 

S46. Upper Boulder Cky, or Stratified Till— But thia 
nnstratified mass is covered in the noi-th of England by a H 
deposit into which it gradually passes, or fi-om which it ig 
Bepamted by a layer of sands and gi'avels containing marine 
Bhella. The stones in this till have evidently the samo 
characters as those of the upper bouIJer clay, but they ehow 
wgna of longer fiiction; and the more or less regular strati- 
fication indicates that water has had some share in their 
reassortmcnt. 

247. Belation of the Upper and Lower Boulder Claya. — 
The accompanying diagfam sliowa liow the lower till was 
deposited by the ice sheet, and how the stratification came to 
pass. The enoimously thick land ice cotild not have allowed 
the acenmiilation of 90 or 100 feet of till beneath it, so long 
as the "whole country was above sea level. But beaiing in 
niindithat the ice sheet actually passed far beyond the limits 
of tho land, and that its speciiii; gravity kept it in contact 
■with tho bottom for a considerable distance, it is evident that 
when the depth of water was sufficient to float the ice, an 
anplo was left between its lower surface and the sea bottom, 
in which the rubbish piibhcd down by the ice lodged, Aa 
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the land vrent down this angle inci'ea,acil, the detritus wU 
deposited in greater quantity, until At Inst there was suffi- 
cient depth of water to allow cuiTenta to affect the uppermost 
part, and to reassort it in a rude fashion. The lower and 
upper tills are inverse to each other in quantity, as might ho 
expected from the ahove explanation. It follows, then, that 
the lower till was not deposited on the land above sea lavpl 
but below it, and its accumulation in quantity was only 
pOBsible when the ico waa-lifled ofi' the sea bottom in colm- 
quence of continued aubmergenoe. 




ratifidd Boulder Cliir. B. C— Ismt or Unitntiaed EDoldiT Clij. 



The diagi-ain roproseilts tte glacier from the point where it 
quits the land. 

S48. Erratics. — Over all glaciated regions large blocks 
are found, whose si;!e indicates that they could not have been 
carried by water, while their shape shows that they have not 
been subjected to water friction. Some of these have been 
identified as fi-agments of rocks, wLoso locality is so distant 
that no agent but ice could have transported them to where 
they are now foimd. Some of these were doubtless carried 
'acieca and left when the ico melted; others must have 
carried on icebergs, and dropped when the bei^ melted, 
s frequently happens, was overturned. Since icebergs 
at the present time travel in the Noi-th Atlantic as far south 
Bb the Azores, in the South Atlantic to within SC of the 
equator, it is not difficult to understand how, in former times, 
Brratica may have wandered lar from the parent rock. -These 
blocks are sometimes fomid perched on the summits of rocky 
ridges, in positions where water could not have left them. 
But it must be remembered that some rocks, as granite, are 
decomposed by the atmosphei-e in such a way as to leave 
blocs perchis, exactly similar to eii'atics, though they Lave 
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cever tmvel!od from the spot. Many of tho Logan stonw^T 
or rocking stones, of the tora in Cornwall, have this local 
origin. 

849 Pack Ice : Ice Poot- — In t!ie Arctic regions, and in 
Biich seas aa the Gulf of Eotlinia, the surface of the sea itsolf _ 
is frozen for a part of the year. The pack ice, extendi 
BeaTTards, oommences at flrat with the ice foot, a narrow ci 
belt of ice, aometimea increased to 30 feet in OiickneBs. 
eheet becomes broken up by ciiuinols, and, under the infla- ' 
ence of storma, portiona bacomo piled upon each other, consti- 
tuting masaea dangerous to navigation. Geologically, the 
fnck ice ia productive of very little change; but the detached 
fragmenta may, like the iccberga, become the means for con- 
veyance of animals into lower latitudes. 

250, Coast Ice. — Coast ico is rarely formed, within the 
British area, and is, for the most part, met with only whore 
fresh watei-B are poured into the sea, 

251. Oroand Ice.— Ground ice, or ico fonned at the bottom 
of rivers, is, in some of the American streams, of considerable 
importance as a geological agent. The sheet, whose forma- 
tion is determined by the contact of water with stones at the 
bottom, which have become chilled by radiation in clear 
water under a cloudless aky, rises and carries with it the 
fragments among which it was formed, conveying them down 
the stream into the open sea, and, as the lee melta, distn^ « 
bating them over the floor of the ocean. J 

252- Icebeiff: Ice Floe. — By ground ice, by icebei^, and, 
under certain circumstances, by coa,st ico, very large quan- 
tities of sedimentary materiala are tranaferred fi-om one placa 
to another, in addition to the more conspicuoua erratics 
already mentioned. The iceberg ia the mass detaclied from 
a glacier at the sea level, or broken off from its end at tho 
top of a coast cliff; the ice floe ia a part of the pack ice set 
free by being broken up under the influence of storm waves 
and tidal movement The bergs are often of enormous dimen- 
sions: even after they have travelled far, a height of more 
than 200 feet has been aeon above water, indicating, if the 
berg were of ecpial circumference at all parts, a total height 
of at least 1800 feet. It baa been suggeatcd that the dim^ _ 
Bions of icebergs have boon exaggerated; pcrba.i[« ^ha*. If 
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Eualtin caWs cscitcmotit, whon it leads to distorted drawing 
of hill alopea, ia excusable in the circumstances under wliicli 
the largest reported icebergs were encountered; but if tliere 
has been error, the optical phenomena attending their appear- 
ance may have had Borae share in it. 

253. TraTelling* of Icebergs. — Berga reach the South 
Atlantic, Heemingly across the easterly drift; others traverse 
the Gulf Stream diagonally. It has been suggested that their 
moss above water puts them in the position of a ship with 
Bails set, whicli must sail on the wind. Laiighton, witJiont 
denying this in all cases, suggests that the Antarctic icebergs 
are carried north by local currenta, determined, perhaps, hy 
projections of the unknown Antarctic land; and that tha 
Arctic berga acquire Bufficient " way" to traverse the Gulf 
Stream, aided, perhaps, if they are deep enough to reach it, 
by the cold stream which dips under the warm one. 

8W. Geographical Effects of Icebergs: Striation.— The 
distribution of detritus and of animal remains has been 
referred to. Tlio number and frequency of berga off New- 
foundland ia believed to have materially increased the height 
of the Bank, and correspondingly shallowed the water during 
long ages. The strife made by bergs were once thought to 
explain the phenomena of glaciation, now assigned to the 
action of land ice. The continuity of the striEe under the 
boidder clay, however irregular the surface may be, could 
not have been effected by floating ice, which must pass round, 
but cannot override an obstacle. The desolation of a district 
by tho cliilling of fke atmosphere during the melting of a 
large sti-andcd berg, as hap^iened in Shetland, is fortimately 

855. Hail. — Though hail is one of the forms of water which 
has been frozen, the cii^cumstances which invariably attend 
its occun-ence entitle it to separate consideration. Hail 
storms are events of summer and of the day, not happening 
at night or in winter. They are preceded by slight depres- 
sion of tho barometer, and usually great heat: immediately 
before the fall a shivering sound is often audible; the baro- 
meter rises, and the air is cooler afterwards. They are most 
frequent within the tropics, diminishing northwards. Moun- 
■idgea seem to influence their aeveiity and frequency. 
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Obviously the freezing of atmoaplieric moisture yields ilrt 
boilBtonea; but the rapidity with which they have been 
frozen, jutlging from the regulni-ity of the ciystals, maica i 
difficult to explain their foniKition, since the dry condition 
in which they usually fall indicates that they have bceal 
subjected to a tcnjperaUiro fai- below 0''C. 

256. Btractnie of Hailstones. — Thoy m-e mora or 1m. 
spherical or oval; and on fi'actui-e often lery strikingly re^ i 
semble the zeolites or itidiating crystalline minerals found 
in trap rocks. Tlie crystalline lines are often crossed without 
being inten'upted by concentric lines, such as would rcBult 
from the freezing of suceessive layers of water. The size. . 
-varies from small shot up to masses of an inch in diameter} J 
larger stones — and some of very gi-eat size are reported — ar ' 
formed by adhesion of several, and probably in the extren* 
cases the regelation took place after they had reached ill 
ground. The freezing probably affects a Kpbei-e of water o: 
whi&b more moisture is deposited and freezes, so that whelk 
conicfd pieces ara formed these are probably fragments 
broken spheres. But in the hailstoim of July 1872, ; 
Glasgow, fragments were caught in largo quantities before 
they reached the ground, and these were conical, with spherical 
bases, but no ti-ace of concentric arrangement. Their dis- 
ruption must have taken place in the atmosphere. ^ 

S67. Relation of Hall to Storms.— Hail in Europe usually 
comes Avith a SAV. wind, though local features may shift 
the direction. The suddenness of the storms, the speed with. 
which they travel, and the restricted area they cover, conplej 
with the fact that their direction coincides with the usni 
wind storms of a country, make it probable that, taking plac 
most freq^uently in tropical regions, and in the hot weathe 
of temperate regions, they are associated with alterations i] 
the electric tension of the atmosphere even when they ai-e no 
accompanied, as often happens, by a thunderstorm. Whethat 
the cold is that of the upper air into which warm moiat ai*, 
has ascended, or is the result of the meeting of two currentjf 
ftt unequal temi^nttures, is unceftai.n, 
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258. Compositioa of Air. — HaTing Htherto considered 

■what may be called the proper maas of the eaith, all, tlmt is 

(b say, which is easeatiiil to the planet as a body moving in 

Bpace, we have now to inquii'e into the compoaition, propea.'- 

ties, and movements of the environments of the ajdieroid. 

Disregarding, for tlie time, Bpeculationa as to the existence 

* of an ether occupying an apparently vacant apace, through 

irhich the teiTestrial bodies move, we shall confine our 

tention to the atmosphere, that invisible, elastic layer of 

iriable and uncei-tain thickness, which siuTonnds the 

lobe. Perfectly piire air consists of oxygen and nitrogen, in 

the proportion of 21 to 79 by volume ; but this theoi-etical 

fctmosphere so constantly contains other substances that one 

'n doubt wliethei- the term impurity is legitimately 

to the compoimd. Carbonic acid is almost always 

present; other gases are likewise presont in small quantities; 

and there are, in addition, soKd matters gf various kinds, 

I organic as well its iuorganic Tlie mixture of the difEen^H 
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gaaoona components of the atmosphere is not one which 
depends upon motion for its completeness, since, if the gases 
■were left in contact without distnrbance, a componnd would 
very soon be formed by diffiision. The particles of which 
this elastic layer ia composed ai-e not atationaiy, either rela- 
tively to each other op to the solid globe, and the varions 
kinds of movement, the existence of which we know with 
certainty, fall to be considered by the meteorologist, who 
t<«ts the Bcientiiic value of liia conclusionH by the accuracy 
with which they enable him to foretell atmospheric change. 

269. Density of Atmosphere. — If we ascend fi-om the 
level of the sea to the summit of b. mountain, we find that 
the density of the air is diminished, the pressure, that is to 
Bay, ia Icssj and if the height to which we have ascended is 
12,000 feet, the atmosphere, which at the seaJevel would 
have occupied a coi'tam cubic space, will, at the grcatec 
elevation, occupy double that sjKice. The mode of estiniating 
this difference of prossuro is by tho barometer, and if thfl' 
mercury stood at 30 inches at the lower level, it would re- 
quire 15 inches at the upper level. At the level of the sea 
Oie pressure of a column of atmoajihere, the height of which 
is unknown, equals the presaui'e of a column of mercury 30 
inches in height; and as this represents the pressure of about 15 
pounds (14'7 lbs.) on each squai-e inch of surface, the pressure 
at the top of the mountain of 12,000 feet would be about 7f 
(7*35 lbs.) pounds on each square inch. It has been calcu- 
lated that at the altitude of between 40 and 50 miles, no 
uppreciahle pi'easure would be detected. 

260. Height of the Atmospherio Column: Ether.— If 
the atmosphere were of equal density throughout, it would 
be, judging from the mercurial column, five miles in height. 
But we have seen that the density diniinishea with height, 
and that at 40 or 50 miles no appreciable pressure would be 
detected. It has beeu calculated from observations on meteors, 
which become visible when they penetrate tho terrestiial 
atmosphere, that the upper limit is about 200 miles, while 
M. Ukis, from the phenomena of polarization, fixed it at 213 
miles. Within and beyond this limit space is occupied by an 
elastic medium or ether, which is capable of ti-ansmitting the 
vibrations of light, and of retarding by Srictifja, •tX'i'a^ 'vltoa 
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influence bo very small, tlje motion of tlie celestial bodies 
thi'Oiigli it. 

261. Variations of Pressure ; Height and Temperature. 
— Tte pressure exyircssed in inelies of mereiuy, that is tii 
nay, the height of the column which the atmosphere can bus- 
tam, varies under several influences. The diminished pressnre 
felt in ascending to a height is not equal in all parts of the 
globe. For, as the force of gravity diminishes as the square 
of the distance from the centre of the earth to any point on its 
surface, the dimiuutiDn will be slowest at the equator, most 
rapid ftt the poles, the mean being about 45° K. lat. The 
correction for height is, in Bntain, '001 inch for every 400 
feet of ascent ; the vertical column of the atmosphere is less 
by that amount, and '001 expresses its diminished sustaining 
power in inches of mercury. To equalize the difference in 
the rate at which the force of gravity diminishes, the mean 
point, 45"!^^. lat., is the aero point; but, at the equator, '003 
inch requires to be subtracted from the observed height ; at 
the poles that amount requires to be added, so as to obtain 
an average for pressnre at the sea level at all points; The 
temperature of the air modifies its pressure, whieh is leas at 
high than at low temperatiu'es ; but as temperature falls 
■55' C. for eveiy 300 feet of ascent, the correction for height 
is the addition to the observed temperature of a number of 
degrees corresponding to the elevation. 

262. Varieties of FresBuie: Aqaeoua Vapoui. — Thequan- 
tity of aqueous vapour in the atmosphere vai'ies under condi- 
tions whose recmTence is determined by the variations of solar 
influence. In discussing thia subject, the student must bear 

'in mind that he will find in these paragraphs only such a 
.general summary as will make hiin to understand the corapli- 
.cated charactei" of the phenomena on which climate depends, 
■fcnd the consequent diificulty of deciding on the influences to 
^hich plants and animals are subjected. The fuller discussion 
of the phenomena will be found in special treatises, such as 
Euchan'a Handbook of Meteorohgy. Buchan tabulates the 
diurnal vai'iations of pi'cssure at Calcutta, from which it 
appeai-s that the greatest pressure, varying fi^om *39 to ■076, 
ocem-satS-SOi.M.; the next, at 10'30 p.m., varies from -008 to 
■026; while tjie minima range from - -017 to - "027 at 3-30 a.m.j 



AltXAB Of SIQH AND tOW FlffiSBtrBR. Sil 

from -'048 to- '071 at 4'30 p.m. As tie tidal wave is latOT 
tliau tlie time at wliicli the sun and moon cross the meridian 
of any place, tbeae bai-ometric VRriationa follow periods at 
■which, judged by the sun'a position, the daily max ima ajid 
minima ehoulJ occur. The sun crosses the meridian at 
noon; hut as the earth ie not rapidly heated, the highest 
temperature is about three houra later; and the lowest tem- 
perature, about 3 A.M., is correspondingly later than the hour 
at which the sun crosses the antipodal meridian. The highest 
and lowest pressure correspond to the hoiu^s at which the 
atmosphere containia the gi-eatest and least amount of vapour 
of water. But though evaporation is greatest at the hottest 
hours in the afternoon, the pressure ia greatest in the fore- 
noon, when the atmosphere has not yet been heated up by 
solar radiation, and the elastic vapour is therefore retained in 
its lowest sti'atum. The afternoon heat relieves the pressure 
by expansion ; the evening cold increases it till dew falls, and 
thereafter the pressure diminishes tUl about 3 a.m., when, 
though the air is coldest, it is also di-iest. It is obvious that 
the more nearly equal the daily t«mperatui«, op the lower 
the temperature, the leas will be the daily variation of pres- 
Bures, and the difference is also less marked in uniformly moist 
climates. But if the moisture ia well-nigh equal throughout 
the year, while the hot and cold of summer and winter are 
extreme, the barometric variations will be great, as in Siberia, 
and AveatwardB, into the central jilain of EuTOpe. 

S63. Areas of Hi^h and of Low Freseure— Apai-t from 
the influences already mentioned, pressure is modified by 
some other conditions. Thus, whoever has walked heaido ft 
wall on an exposed hill top, while the wind was blowing at 
right angles to the wall, has seen the dust blown against the 
wall and obliquely upwards and leewards, or, if the wind wfl» 
very strong, veilically upwards, while, on the lee side, a slower 
movement carries dust towards the wall, and upwards along 
its face to Join the main current. This atmospheric backwater 
is more due to the action of the wind as it passes the top of the 
wall, tearing off a poiiJon of the leeward air, and thus drawing 
on a current, than to the curve downward of the air behind 
the obstacle. To windward the air is jammed against the 
lal], to leeward it ia rarefied : to windwaid atmospheric 
23 
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isiire is increased, to leeward diminialied. By analogy, die 
ither side of mountain ohaina might be expected to exhibit 
ircased pi-essure. Tliis, doubtless, lielps to increase Un 
iSBure in Siberia, the maximum for that area not being at 
le place of gieatest cold, but to the westward, the Altai 
and other high lands, whose axis is E.N.E,, stopping the west 
winds and heaping thorn up; while the area in which Yakutsk 
lies is, like Eiisteru Fatngonia, a leeward area of low preaaure. 
264. Annual VariationB of Preeflnre— The annual varia- 
tiona of pressui-e are determined by the heat and ctAd of 
Biimmer and winter, the foi-mer causing an increase of evapo- 
ration, thus OTCrcharging the lower strata with vapour; the 
latter checks evaporation, while the tension is diminiahed by 
tie more copious precipitation. From the isobaric maps, or 
maps on which the lines of equal barometric presBures are 
recorded, it appears that the pressure diminishes towards 
the polos, but that the area over which pressures less than 
2d'd ai'e obsei'vcd, advances and recedes with the seaBoa. 
Thus, while in July the line of 29'9 is limited by the parallel 
of WS. lat., and the lines of lower pressure are ciirionBly 
parallel to it, in. January the line curves northwai-ds from 
New Zealand, and gindually reaching lower latitiulea in the 
S. Atlantic, approaches nearest to the equator in S. America 
about 25* S. lat. The 29'9 line in the northern or lajidhemi- 
fiphere ia about 50° N. lat. over the Atlantic in January, 
p5° in July, In the sinnmcr this isobaric line curves south- 
■Vards, over the American continent, nearly to the Gulf of 
Mexico; over the eastern continent it reaches as far Bouth as 
the equator; but in both cages it recedes northward as it 
approaches the Pacific. In winter (January), the line recedes 
from its lowest latitude over the Atlantic, so as to form, a 
ourve whoso convexity ia towards the poles, while the high 
e follows the gi-eat continents. The seasonal influ- 
therefore well marked. Taking the mean of the year, 
appears that maximum pressure {30'1) exists in the north 
soiith Atlantic, in the former stretching across the 
between 25° aud 40° N. lat., in the latter betweeu 15° 
'5' S. lat., and tliat similar ai-eaa occur in the Pacific, 
itween 120° and 160'' W. Ion., and 25° and 40° N. lat, 
h no equally definite space can bo indicated to the south 
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of the equator. A mean anniinl pressure of 30 inches ranges 
over North America between 20° and 50° N. lat, while in 
the Old Woi-ld it pasaea obliquely from the south of Europe 
to the north-east of Siberia. lu the southern or water hemi- 
sphere, the belt ia more nearly latitudinal between 10° and 
35° S. lat. tA low pressure zone, 29-9, Bwella out north- . 
ward3 towards the Himalayas, while the same pressure 
- chamcteriseB the Arctic ai-ea north of 55° lat., the Antarctic 
area south of 40° lat. The greatest superficial area of high 
pressure is over the land, of low pressure over the sea. 

866. Infinence of Aqueous Vapoar on Temperatare. — 
The shai-e which the vapoiu- of water takes in the phenomena 
of atmospheric pressure is acareely inferior to that which it 
takes in modifying temperature. Perfectly pure air, consist- 
ing only of osygen and nitrogen, permits all the waves of 
the Sim, luminous and non-luminous, thijpo of light and 
heat, to pass through; its dialhemancy, which is to heat- 
waves what transparency is to light-waves, ia perfect; and 
this is true also for oxygen, hydrogen, and niti-ogeu. A 
L sun-beam concentrated on ice, after passing through a globe 
} of water, ia not apparently affected, yet it has lio longer the 
power of melting the ice; and if the positions of the two 
I "forma of water" were reversed, the same resiilt would 
' ensue. The want of diathermancy is therefore due to the 

(presence of water, not to the mode ia which its particles are 
Bggregatcd. Several very importajit consequences follow 
from this fact. The temperature of dry air ia not affected 
by the passage of the sun's rays through it; it is at once 
titansparent and diathei-manous. While, therefore, the face 
is blistered by the dii-ect rays of the sun on an Alpine 
glacier, the traveller has only to step into the shadow of a 

I rock to realize the fact that the temperature of the air is in 
reality at the freezing point. This, of course, ia only true 
where the air is gi-eatly rarefied, expansion lowering the tom- 
. perature. But even at great heights the air i& comparatively, 
I not absolutely, dry in glacier districts, evaporation taking 
1 place freely from ^e surface of the ice. The capacity of the 
L fttmc^ere for beat ia therefoi-e in proportion to the aqueous 
KgMour it contains. Air is, however, heated by contaot^^H 
^^^^B imrm surfaces, and, expanding, rises, coldex embeaMSj^^^H 
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air taking its jiliicc. The molecular motion prodaeed in 6rj 
ail- by a heated piece of metal ia very diffei-ent from tlat 
due to the passage of heat-waves through moist au-. Again, 
the Bome layer which, as Tyndall puts it, filters the rays 
of heat due to solar radiation, so that they do not rencb 
the earth, arrests the passage of heat radiated from the eartL 
It appeare from Tyndall's experiments, that " the aqueous 
vapour of the air from (several) localities exerted an absorp- 
tion seventy times that of the air in which the vapour was 
difliiaed;" and that at least 10 iter cent, of the terrestrial 
radiation is arrested within 10 feet of the earth's surface. 
From these facta it ia clear that while the eai-th's loss of 
heat by radiation cannot be so great as it would be wera 
the air perfectly dry, solar radiation does not contribute bo 
much as it would on the same hypothesis. Further, the 
greatest possihla proximity (Art 349) of the earth to the 
sun would not seeui-e the melting of the polar ice, since the 
evaporation due to the great heat woidd interpose a, aevB 
which filtered the heat rays, and saved the remaining ice from 
melting. 

336. Abflorptive Power of Gaaea. — But the aii- contains 
other matters than oxygen, hydrogen, and aqueous vapour. 
Carhonic acid and araiaouia are also present, and both of 
them present in gi'eater quantity during warm than cold 
weather. The importance of these gasw will be apparent 
fi-om the following table, taken in pa»t from tlmt of 
Tyndalh*— 



Air, 
Oxygen, 

NitrogoD, - 
Hydrogon, - 
Chlorine, • 
Bromino, 
CarboDio Oxide, 
Oarlionic Acid, 
Nitric Olirla, 
Nitroua Oxide, 



Sulpliiu'oii 



i.yjo 

IHUO 
6180 
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33 
34 
38 
32 
41 
53 



3 tlie proportion of lieat rays, or calorific rays, 
arreateii hy air and ftininonia respectively, the power of 
arresting tte passage of radi^mt heat exercised by perfumes 
ia even more remarkable. In a series of esperimenta on 
ai-omatic kerbs, detailed at p. 335 of the above-quoted work, 
it IB shown thut the following relations exiat: — 

: . , ' Abiorpti»B Poiter. 

Thyme, 
Feppermint, 

Spearmint, 

lavender, - 

WormwwMi, 

CintuunQiir ■ 

Allowing for the niinuto exaggeration in tlieae refiuitB 
due to the presence of aqueous vapour, it still appears tliat 
interference with the passage of Iieat rays is enormously out 
of proportion to the quantify of solid matter which the per- 
fumes of these plants contain. The vegetation of tropical 
n^ons is less characterised by tho brilliancy of its tints than 
is that of temperate regions. In the latter, evaporation 
spreads a protective curtain against the solar nuliation; in 
the former, the development of perfume by plants after 
snndown will tend to check terrestrial radiation. Insignifi- 
cant as these observations may appear to be, they are bi-ongbt 
under the notice of the student for the purpose of showing 
him bow many ai'e the points to be taken into consideration 
before we accept as final any jtitlgmont on the rate at which 
the earth receives or parts with heat The absorptive power 
of carbonic acid given abovo establishes, apart from other 
reasons, the impossibility of an atmosphere of that gas having 
existed during carboniferous times, the plants of which wa 
have every reason to believe were physiologically identical 
with those of the present. 

867. Influence of Owne.— This gas is an allotropic form 
of oxygen, is, in fact, condensed oxygon, capable of effecting 
oxidations which the elementary gas cannot. It is easily 
decomposable by heat, its atoms resuming, after expansion, 
their relations (la oxygen, but its absorptive power is 165 
times greater than that of oxygen. 

^68. lojaperatUTe ot AtmosphQXQ.— T^io ^-oac'Cvn'^ i& 
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Beat or cold ia relative, lite tliat oE salt and sweet, or any 
other pair of contrasting impressiona. The traveller descend- 
ing from the Alps complains of heat at the aame place where 
the ascending traveller suffers from cold; the impression 
conveyed by the same degree of actual temperature is deter- 
mined by the previoua conditions- 
Statements founded on mere sensation ore open to all 
kinds of fallacy, only infitrumental observations are reliable. 
The popular Buying, that " as the day lengthens the coM 
strengthens," means, when interpreted by science, that as the 
drier atmosphere of froaty "weather is succeeded by a moiBtci 
and wanner etate of the atmosphere, the great conductivity 
of the moisture, whereby beat ia rapidly abstracted from &6 
body, cliilla the body, notwithstanding that the thermometer 
ia steadily riaing'. The conti-osting heat and cold on tlte 
Alpine glacier have already been mentioned, the air having 
the same temperature in aunshine and shade. 

The thermometer records the varying amount of heat 
contained in the complex auhstonce, atmospheiic aii*; and tlic 
influence of aqueous vapour is not separated from that of 
other aubstances. The temperature of the air of the desert 
aometimea rises to fil-G^C, this being due, however, to Hia 
quantity of superheated aand particles suspended in it. This 
is an extreme case of the phenomenon of heating by convec- 
tion, or the successive transfer of masses of heated air. Con- 
tact with warm stu'faeea i-aises the temperatiu'e of the lowMt 
atratum of air, the amount varying with the humidity. In 
short, the temperature of the atmosphere is for the most 
part expi-esaive of the amount of other substanoea besidea 
ojcygon and nitrogen contained in it, and the most potent of 
these foreign bodies are aqueous vapour and fine sand. 

269. Decreaao of Temperature with Height.— The ob- 
aervatious of Mr. Glaisher made during balloon ascents 
(British Association lieporU, 18C9), show that the estimate 
above given — -SS^C. for eveiy 300 feet of ascent — though 
faii-Iy representing the facts for air in contact with the 
ground, is not correct for the air away from that kind of 
disturbing influence. It appears that there is considerable 
m^gulaiity in the decrease, conset^uent on the number of 
loapherio currents. At a height of 24,000 feet, the tem- 
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perature in September was -17-7°C., and at 37,000 feet it 
•was — 24:'39°C. At lower elevations, it would appear that 
tlie ratio of decrease is slower; and that within 1000 feet it 
is affected hj the state of the sky, being '55^0. for 223 feet 
when the sky is cloudy, for 162 feet when it is clear. 

270. Effects of Heat. — ^The expansion of the air under 
heat amounts to -^y^ of its volume for every l^C. (j|^ for 
every l^F.), so tluit if a cubic foot of air be heated 273"^ C, 
it will double its volume. The co-efficient of expansion, or 
the fraction by which the volume of a gas is augmented, when 
its temperature is raised l°C.,is '00366 for hydrogen, '00367 
for air and carbonic oxide. If a cubic foot of air is raised 
from 0° to 273® C, its volume is doubled; and 1*29 oz. of 
air is capable of raising through 1 foot the weight of 15 lbs. 
to the square inch, or 2160 lbs. of atmospheric pressure. 
But if the expansion is prevented, and the volume of the 
air kept constant, there is a difference in the absolute quantity 
of heat received by the two cubes of air. A greater amount 
is required to enable the air to overcome the resistance offered 
by pressure to its expansion than when the air is heated 
•within unyielding boundaries; in other words, the air which 
is prevented from expanding has no work to do, the air which 
expands under pressure does work : it lifts a weight, and heat 
is spent ia doing this over and above that needed for the 
given quantity of air. The proportion is 1 : 1*421; that is, 
if the cube with constant volume requires one part of 
heat, the cube which expands when heated under pressure 
requires 1*421 parts. The excess is spent in doing work. 
To take again the cube of air: the lifting of 2160 lbs. 
through one vertical foot, is the work done by the excess 
of heat over that needed to raise the temperature of the 
cube to 490**^ (273°C.). The excess would be sufficient 
to raise 2*8 lbs. of water 1°F. of temperature, so that divid- 
ing 2160 by 2-8, it follows that 771*4 lbs. would be lifted 
1 foot by the amount of force which is made use of in 
raising 1 lb. of water 1°F. in temperature. Such was Mayer's 
calctdation; Joule has corrected this result, and fixed the 
amount at 772 lbs. This, the mechanical equivalent of the 
heat, is known as the unit of heat, as a foot-pound*^ aixd 
the guantitj of heat received by Bolar x8tf\i'a.\»\.Qvx ^\» ^^^:t^:^ 
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L poiate of the earth'a aui'face is frequently ezpreesed in ti 
f units or foot-pounds. Joiile's equivalent is, in terms of the 
I centigrade scale, 1390 foot-pounda for 1° C. 

The increase in volnme of heated air correaponds to the 

diminution during cooling; that wliicli has been teated in t, 

confined space parts with its beat when it is allowed to escape 

and expantL Barefied air ia chilled during expansion, its 

heot being parted with in the motion of its particles. If the 

weight which the heated air lifted during itu expansion 

. descends during its cooling and contraction, the amonnt 

of energy parted with is that of temperature, plus that 

L flue to (lie impulse given to the particles by the weight 

L Ascent of heated and descent of cooled air, are thus incessant 

1 and supplemental of each other. If priority ia to he claimed 

I for either phase of the cycle, heating may he regarded as the 

r firat step, since if the air were uniformly cool, there would 

lae of disturbance. The replacement of ■warm by 

I cold air is not always effected by two equal parallel move- 

' ments. If a heated chamber is opened, the expanded air 

ntshes out, is checked, and chilled; there ia a reflux: of cold 

■ air, and thua a succeasion of pulses occur before equilibrium 

JB established between the air within and that outside the 

room. The movements are more simple when there is free 

. space for the opposite movements. 

271. Analogies of Heat, Light, and Sound. — Heat, light, 
and sound are vibrations of the particles of bodies; and 
these are made manifest to our aensca by the movements 
' which they impart to the elastic medium between them and 
.- our organs of sense. Light and heat are both given off by 
the sun, and experiments have been already referred towbicfi 
show that it is poaaible to stop the one set of vibrations, 
and allow the other to paaa. The independence of light and 
lieat has been asserted by Mclloni, hut it seems now satis- 
factorily demonstrated that the solar apectrum represents a 
series of vibrations of particles or waves, the length of which 
permits them to be sensible to the human eye as colour; that 
the length of the waves diminishes from the red to thn violet, 
and that beyond theso visible rays other wavea exist, those 
beyond the violet having too short, those beyond the red 
kbaving too long, a wave length to be visible to the eye. 
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finallj, the invialbia rayB beyond the violet are 
powerful to excite chemical action, those beyond 
the red produce heat. The vibratory nature of 
souDd is known from the action of the tuning 
fork, of the violin string, or, to take a more 
familiar illustration, the result of drawing the 
teeth of a comb acrosa the edge of a piece 
of paper. The range of Bonorous i-ibrations 
capable of being detected by the human ear, 
varies vety widely in different individuals, either 
naturally or by practice. The limit of apprecioi- 
tion of sound ia very wide, ranging, according 
to Helmholtz, irOm 16 to 38,000 vibrations in 
the second, vibrations slower or more rapid than 
these, respectively, being inaudible. But the 
Beries of audible vibrations is very wide, extend- 
ing over eleven octaves; whereas of the viaiblo 
rajs of light, the shortest vibrations are not quite 
half the length of the longest. The analogy 
between these four kinds of vibrations ia very in- 
teresting; in strictness, there are only two seta 
of phenomena to compare, light and sound being 
respectively the centres of two series, of the ex- 
tremes of which we are only miule conscious by 
their effects. 

It appervrs from what has buen stated that our 
conceptions of external influences on living things 
would be very imperfect, and necessarily erroneous, -" 
if we considered only those phenomena which are 
capable of direct interpretation by our senses. 
Becalling the wide sphere which at the outset we 
claimed for Physical CJoography, it ia obvious 
that the student of that science has only done a 
portion of his work when he has estimated the 
effect on living beings of physical features, of 
movements of the eartli's crust, or of the circula- 
tion maintaiited in the atmosphere and the ooefin. 

273, TranBmlBsioa of Xiiglit thiougli the 
Atmosphere. — Light travels at the rate of 
192,000 miles a second, aa infetrei Ecom. ^ 
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sorvationa on t]iO oocultation of Jupiter's satellites; or 

184,000 miles aecording to the most recent experiments. 

Their obscuration appears to occur about a quarter of 

an hour (Ifim, 26a.) later ivhen the earth is at tho oppo- 

taite side of ita elliptic orbit from tlia planet, than ivhen 

'i at the nearest point of that orbit to the planet; 

l«n<l as tlio diameter of the orbit ia about 100,000,000 of 

■miles, the light of the occulted body takes 15 or 16 minutes 

Irto traverse that distance. But this speed ie liable to lo 

modified by the density of the atmosphere. By the undala- 

P tory theoiy, according to which the vibrations of the lumin- 

■ t)u3 partjclea of a body are commimicated to the elastic ether, 

the tninsmission would be more rapid the denser the medium ; 

by the theory of emission, according to which luminous 

particles infinitely minute pass from the source of light to 

I the eye, increased density would retard the light. Practically, 

b the results are the same whatever theory be adopted, since, 

b.AS Sir John Herachel pointa out, the extreme difference be- 

i tween the calculations on one or other theory in an extreme 

case he puts, amounts to y p^ fpy of a second. 

S73. Transparency and Colour of AtmoBphere. — ^Trusting 
to tho evidence of our senses, we should regard the air as 
normally pure, just as we are accustomed to consider it as im- 
L changing. But the pure binary mixture of oxygen and nitro- 
L.f^n scarcely exists out of the laboratory. The air maybe 
P'Olear, yet instruments of ordinary delicacy will demonstrate 
' the abundant presence of impurities. Tyndall had great diffi- 
culty in procuring optically pure air for his experiments, and 
only obtained it by sifting out the inorganic and burning the 
organio particles which floated in it. Tho sunbeam that 
traces a line of light from sty to earth demonstrates, by 
becoming visible, the presence of substances which diffuse tho 
light Aqueoua vapour is present even in the clearest air, 
so that clcanieaa ia not an index of dryness. Absolutely pure 
I air, aa obtained in tubes from which all tho floating particles 
f .iave been removed, or aa seen in stellar space, is oolourlesa, 
a dark appearance being due to the absence of anything by 
which light might be diffuaed. Great variety of colour is 
fcfforded by the play of sunlight oa dust and vapour: blue is 
^10 most frequent, its cause — vapour — being the most abun- 
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<lant. The purples, reds, and violets of autumn sunsets are 
doubtless due to the same source ; but this whole question of 
the colours of the sfey is one of great difficulty, and is yet 
far from being decided. 

274. Befraction; Absorption. — A ray of light entering 

air does not travel directly through it : its course becomes 
bent in such a way that the rays from an object below the 
horizon, which should pass tangentially to the earth's sur- 
face, become deflected and reach the earth. Now, as the 
eye necessarily estimates the direction of a whole ray from 
the direction of that last portion of it which enters the eye, 
as if it were in a straight line from an object above the hori- 
zon, the sun, or other luminous body, appears to be above 
the horizon before or after it is so. The refractive power of 
the air, water being taken as 1, is •00058971, both substances 
being examined at 0°C., and under 29*92 inches of mercury. 
The amount of refraction depends on the condition of the air 
as regards density and humidity, being greatest when the air 
is most humid. 

275. Twilight. — ^To refraction, coupled with the difl^isive 
or reflecting power of the particles in the atmosphere, we 
owe the phenomena of twilight. ' 




In this figure, which represents a section of the earth seen 
from the North Pole, R being east, S west, H P is the 
horizon line of an observer at N : when the sun is above 
that line the atmospheric segment H A D O i!^<iWT^"^\^ 
^^rectmjrs; when the sun declines to M, ttiQ d\i^\»T«j^V^^^>cy:sss^- 




D 111, but by i'efraction a part of the atmoapliere to 
of the liae A C atill receivoB direct ligbt, while the 
lei' of the Bpace H A C N will receive the light 
from the aqueous and other particles in the directly 
illuminated atmosphei'e. Imcigining the sun to be rising in 
place of Betting, the phenomena of dawn are of the sane 
kind. The twilight ends when the aun sinks to 18°, or at 
the utmost 21° below the horiiion; but the afterglow of the 
clear Nubian atmosphere is a, secondary reflectiou from the 
diffused light of a twilight; thus, if when the sun is at K, 
the twilight is boimded by the line A C, the afterglow may 
bo seen along the line H N, or even, further to the east. 

376. Absorption: Diminutioti of Light by Distance. — 
Light trayelling through Kpace, aad diverging as it proceeds, 
imparts to successive objecta of equal wipei-ficial area an 
amoimt which is inverse to the square of the distance ; thus 
a Huiface which receives, at the distance of a yard, a certain 
amount of light, will receive farther ofi, at the distance of two 
yards, a. fourth of that amount; at three yards one-ninth, 
and so on. But tliJa diminution of intensity, which may be 
accelerated by the intervention of solid or refi^ctive particles, 
as when mist or dust blocks the way of the light, ia entirely 
different in its results fi'om that absorption by which certain 
rays are an-ested, and cease to give outward signs of their 
existence. The solar spectrum, which ranges from violet to 
red, consists, as has been said, of vibrations of iinequal 
lengths. If the yellow flame of common salt is placed in the 
track of the sunbeam undergoing analysis, the yellow of the 
Bpecti'um will show dark lines, the absorption bands, which 
represent the arrest by the sodium flame of those beams to 
whioh it gives rise itself ; yellow intercepts yellow. A red 
object appears black in every beam except red. As white 
light represents the sum of unequal vibrations of the lumini- 
ferous ether, absorption means the transfer of the motion of 
the ether to the particles of a body; but those pniticles must 
vibrate in the same time ; absorption means, therefore, coin- 
cidence of vibrations. It would lie beyond the scope of this 
volume to discuss this subject fully, so that its physiologiail 
■ring shoidd be fully explained. But the point which the 
' ig remarks may induce the student to investigate for 
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himself is, that na the rays of the solar fipectmm have very 
different inflnencea on vitality, the condition of tlio atmo- 
Bphere may from time to time change, and thus exert an 
influence on organic Ijeings, while the Bourcea of that influ- 
ence can only bo I'evealed by instrumental investigations. 

277. Polarization. — Light which enters any tr.inspai-ent 
body vertically to its surface, passes directly through; hut if 
it enters obliquely, the parts of the ray are auccesaively 
i-etardod, so that the lij^ht has an oblique coui-se through 
the boily. emerging at the opposite surface of a body with 
pai'allel planes at the same angle ■which the ray had before 
entering ; emerging at the opposite surface of a triangular 
prism at an equal and opposite angle to that of entranca 
But a body may have ita particles so arranged that light 
passes more readily in one direction than in another. Tlie 
■whole beam is refracted in water as a single beam ; biit in 
ice there are two planes of refraction, the one perpendicular 
the other parallel to tlie freezing plane. In ice, 
land spar, there is double re&action, and the light of tlie t^ 
rays which result from this property has difierent propertiw 
in each ray. The angle of refraction varies for different 
Bubstance^ ; it is also obviously unequal for the two parts of 
the same beam in the case of double refraction. TJie light 
now consiata of t^wo parts, each of which can only be trans- 
mitted through another mass of the same substance in exactly 
the same direction ; if the planes are altered, that particiUar 
ray ia arrested. The same pi-operty is conferred by reflection 
from an ordinary reflecting surface, as of a mirror. In these 
cases the extraordinary ray, as that one ia called which 
rotates round the ordinary ray as round a fixed point when 
the spar ia made to revolve, is composed of vibi-ations of the 
ether, which take place ia one plaiie only. But certain 
oryatals, as of quartz, have the power of making the vibra- 
tions move in a cirele, and as the component rays of light 
have different velocities, the result is that a spectrum ia 
f<ttined by the separation of these rays. The details of tlie 
mechanism by which these facts are aaf ertained belong to 
the domain of Physics. A beam of light, then, ftdling on a 
crystal ia partly reflected, partly refracted. As the angle of 
reflection is fixed for every aubatance, while that of vefisfAissa 
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depenclg upon that of incidence, tJie beam of light nmst ho 
elufted from a position jiei-pendiinilar to the face of the crya- 
taJ towimls one of purallehsm, till the plane of reflection is 
at right angles to the plane of refraction; the angle of the 
incident beam is then tie angle of polarization. 

578. Folariz&tion of the Atmosphera — Thia angle fur 
air ia 45" 0' 32*. The neutral pointe are certain spots at 
■whicfi no polarization takes place. Their positions are, "for 
Arago's point 18" 30' above the antiaolar point -when the sun 
U on the horizon; but if the aun ia 11° or 12° above the 
liorizon, and the antisolar conaeqviently as much below it, 
the neutral point is on the hoiizon, op 11° or 12° above the 
antisolar point." After sunset, the nmsimnm distance of 
the neutral point is 25°. Babinet'a point is "as much above 
the sun as Arago's ia above the antiaolar point" Brewater'B 
point is between the sun and the horizon. The changes in 
the polarization of the atmosphere are due to fogs, roist, and 
ice crystals. The influence of atmospheiic moisture is im- 
perfectly known, and the relations of vapour of water still 
less ao ; but it ia probable that in the determination of these, 
meteorology will find invaluahle aid for those prognostica- 
tions which ai-e its most important practical application. 

579. TransmiBSion of Sound. — By experiment it has been 
shown that rays of heat, capable of inflaming bodies upon 
which they are concentrated, may be trauamitted through an 
atmosphere at the freezing point; the ether, whose vibi'ations 
are translated into heat, is thus distinct from the atmosphere. 
But the vibrations of sound are dependent on the existence of 
atmosphere. The enormous i-ange of the appreciable sounds 
has already been referred to as extending from 16 to 38,000 
vibrations per second. In a previous paragraph (Art. 80), 
a wave was described as consisting of a condenaatioQ and 
rarefaction; thus the movements of a tuning fork alternately 
compress and expand the air in contact with it, and these 
movements are transmitted to other portions of air; but while 
the pulse is thus propagated, the individual particles of tho 
lair move veiy slightly to and fro. The tiansmiasion of tha 

takes place id air at tho freezing temperature at the 
Lte of 1090 feet per sficond. But temperature afieets the 
'eloci^ very importantly, as the folloiving table shows, from 



im^EKSITY OF SOUND. 255 

• f-.- .■•-•- 

which it appears that the velocity increases about two feet 
per second for every 1° of increased temperature : — 

Temperature of Air. Velocity of Sound. 

0-5*'C. 1089 

210° 1091 

S'&* 1109 

120* 1113 

26-6* 1140 

280. Intensity of Sound. — The intensity of a sound 
depends on the character of the atmosphere in which it 
originates, not of that through which it travels. A cannon 
fired on the summit of a high hill may be inaudible in the 
valley, while, if fired in the valley, it would be distinctly 
heard on the summit : in the one case the initial intensity is 
less, the air being rarefied; in the other it is greater, the air 
being denser. But this does not affect the law of the dimi- 
nution of intensity, which is, as in the case of light, propor- 
tional to the square of the distance. 

The rate of transmission of soimds varies in different sub- 
stances, the variation being determined by the relation of 
their elasticity to their density. Mertheim found that sound 
was transmitted by the water of the Seine — 

Temperature 15° C, at the rate of ^47 14 feet per second. 
Temperature 30° C, at the rate of 6013 feet per second. 
Temperature 60° C, at the rate of 5G57 feet per second. 

Through gases the rate varies widely, being 858 feet per 
second for carbonic acid, and 4164 for hydrogen. In solids, 
the rate varies with the elasticity and the temperature of 
the body. The following are taken from a table quoted by 
Tyndall :— 

VELOcrrY. 

at20'O. at 100° C. at 200" C. 

Lead 4,030 3,951 

Copper, 11,666 10,802 9,690 

Steel Wire (English), . 15,470 17,201 16,394 

Cast Steel, 16,357 16,153 15,709 

Iron Wire, 16,130 16,728 

Iron, 16,822 17,386 15,483 

It appears that while increase of temperature diminishes 
the transmissive power of some metals, as copper, that of 
iron is increased up to a certain point; and the above table 
has been quoted for the purpose of suggesting the difficultiQ.?^ 
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in tlie way of estimating the velooitj of subtetraneiut sounds, 
la an interesting series of experiments on the tn\nsaamm 
of BoimdB throngh different kinds of ixjck, Mr. Mallett fotmd 
tiiat much broken rock impaired the velocity very con8ide^ 
bLIj, and tliat faeterogeneons srtmcture, as of giunite, bus 
the same effect. These results are in accordance with the 
f airailor fact, that whei-eas sound travels along the fibre of 
I the wood of a tree at the rate of 15,314 feet, its speed acroaa 
the rings is only 4567. It is possible, therefore, that the 
observed velocity of the earthqiiake noise may be true only 
for two directions, and that a different conclusion might be 
drawn from observations made on the progress of the aoond 
at right angles to them. 

S81. Sounds more Intense by Night. — Sounds aie more 

intense, and heaixl at a greater diatanco, by night than by 

This is not relative, other sounds being less by night, 

,n reality, there is more sonnd audible than by day, but 

absolute, the cooler air being more uniform, and permitting 

more of tho sound waves to travel direct. 

. Beftaction of Sonsd. — Sound, like light, may be 
~ concentrated by a lens, the lens being a spherical maaa of 
air enclosed in a highly clastic substance, as collodion. The 
divergent vibrations thus made to converge have the effect 
of rendering sounds audible at a distance by increasing the 
number of vibrations in a given space. 

283. Beflection of Soimd.— Again, like light, sound may 
be concentrated by reflection from a concave surface, and the 
fooal length of the sound mirror accurately determined. The 
phenomena of echoes are illnstrationa of reSection, the multi- 
plication of the surfaces multiplying the repetitions, as the 
facets of a piisni multiply the reflected images. 
^^B 384. Resonance. — But the reflection of sound from a solid 
^^B boily is distinct from resonance, which is the intensifying of 
^^B R sound by the synchronous vibrations of a mass of air, which 
^^H thus multiplies the vibrations, or rather multiplies the points 
^^V whence they proceed. Echoes proceed from concave surfaces, 
^^1 which may be resonant only to sounds of a particulai- pitch. 
^^B It is to resonance that the thunder-like sound of agimfired' 
^^^ a nan-ow valley is due, while the sound may be reflected 
^^^ from one or two points. 
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285. Transmission of Heat. — Air in contact with a warm 
body has its temperature raised by conduction or convection. 
In the former case, the heat radiated from the body, or, in 
the language of the mechanical theory, the motion of its 
particles transmitted to those of the air, is passed on through 
the air by each particle imparting movement to the next. 
Convection is the transfer of this motion, not by single 
particles, but by groups of particles : masses of air move 
upwards, other masses take their place, till the loss of motion 
by the radiating body is equal to the gain by the air. Equi- 
librium and rest are then arrived at. But this equilibrium 
would not exist were the air peifectly dry and perfectly pure; 
the body would cool by radiation into space; the heat would 
be thus lost, but the air would receive none of it. The air 
is therefore in theory neutral to heat rays, it neither absorbs 
nor radiates. But, as a matter of fact, since it is never pure, 
it both absorbs and radiates; and, as has been already said, 
stops 10 per cent, of the terrestrial radiation within 10 feet 
of the earth. Conduction and convection, therefore, are 
phenomena of air which is not chemically pure. 

886. Reflection of Heat : its Diminution by Distance. — 

In these two particulars the analogy of heat and light is 
complete, since the heat or calorific rays may be concentrated 
by apparatus of the same character as is employed in the 
ease of light; and the ratio of diminution is likewise inversQ 
to the square of the distance. 
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storms : Hnrrioanea, Cjclonea, Typhofl 
E'lUtory Stonna ; their Area — Stoni 
Wjttoratiouta : Dust Sturma— Simoom, 

287. Uovements of Atmosphere : Influence of Earth's 
Rotation.— 'As the air fai-nis a layer round the globe, and aa 
it is practically a fluid, the movement of the globe within 
this fiphei-e neceasai-ily involvee movement likewise of the 
investing atraos|)her6. The giobe, rotating on its own axis 
from west to east, and nibbing against the lowest portionof 
the atmosphere, Beta the whole siipeijacent maas moving in 
the same direction. 

But aa the Bectional area of the globe diniiniEhes towanls 

the poles, it follows that the movement of the aii diminishes 

in rapidity as we approach the poles. That is to say, the space 

which the air has to travel at 30° of latitude is less than that 

which.thc air at the equator has to travel ; thus the air at 

the 15th parallel of latitude haa to travel through S69 mileB 

in an hour, while air at 30° N. lat. pasaea through 450 milea 

in the same time. As, therefore, the amount of space to be 

passed through dimmishes as the latitude increases, and as 

eaoli particle of air has the velocity of the point of earth 

•m& wMch it 13 in contact, if by any disturbance a particle of 

jur is seEt towurda tlie jwlo, or towards the equator, it lapses, 

the one hand into an area of slower, on the other Iiand 

a an area of more rapid, movement. Siippose that a par- 

fticle of air having an eastward movement, at the rat« proper 

the 45th degree of latitude, ia directed towards the pole, 

will move eastwards more rapidly than the points of the 

which it passes, and Lence it will appear to have 

motion veiy nearly eastward. If, on the other hand, it 

rea towards the equator, its i-ate will be less than that of 

regions into which it enters, and it will thus appear to 

e a westward direction; it lags, so to spealt, behind the 

lass of the earth. 

288. Theories regarding the Causes of Cnrrenta: Hadley 
and Maury. — It haa beeo assumed tliat the two influences 
under which the circulation of the currents of the atmosphere 

place are heat and the rofeition of the earth, heat being 
pi-imaty originator of its emTents ; and Hadley'a theory 
iita, (1) that the ti-ade winds which move from the polea 
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towards the equator, and the counter trades which move from 
the equator towards the poles, are due to the relatively high 
temperature of equatoiial regions as compared with that of 
polar regions; (2) that the westward tendency of the trades, 
and the eastward direction of the counter trades, are due to 
the rotation of the earth. This is the commonly asserted 
doctrine, and in accordance with it the course of currents in 
the atmosphere is stated to be after the following order : — 
1. The over-heated air at the equator rises vertically into the 
atmosphere, and spreads itself towards either pole, while the 
colder, and therefore heavier, air from the north travels 
towards the equator to take its place. 2. The upper stratum 
of. air, when it reaches about the 35th parallel of latitude, 
has parted with its excess of heat, and descends towards the 
surface of the earth. 3. Part returns again towards the 
equator, and part passes on towards the pole, forming the 
south-westerly winds of high latitudes. Maiuy further 
imagines that the air, having again reached the equator, 
becomes heated, but does not part with its onward move- 
ment, and, in fact, continues its progress across the line to 
one or other pole, as the case may be, whence it again returns 
in the same undulating line and completes the surface of the 
globe, the currents thus pictured forming a series of figures 
of eight, the nodes of which, or the points where the currents 
meet the surface of the earth, constituting the three bands of 
calms — the equatorial, and those of Cancer and Capricorn. 

289. Objections to these Views. — Several objections must 

be taken to this view : in the first place, the regions of 
calms and variable winds do not foim continuous zones all 
round the earth ; they are like the dead waters of the Sar- 
gasso Sea in the Atlantic, and of its counterpai't in other 
oceans, limited in dimensions, and do not touch the land on 
either side. In the second place, if excess of heat were the 
determining cause of the atmospheric movements, the north- 
easterly trades of the Atlantic would be converted into west 
winds blowing across the continent of Africa, since the in- 
terior of that continent has a temperature at times 27° higher 
tha«i that over the Atlantic ; for while air in contact with 
the sea at the equator seldom exceeds 27*7° C. (82° R), as 
much as 54-4° C. (130'' F,) has been, reco^^'ei^m^^^s3^fc>^^<3^ 
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Jpf Africa. Again, westerly wiuda blow in the iiolar 
'" til ia wiiiter luul in Bumnier, altlioiigh at tbe ont 
) ocetui area, at tlie other the laud area, is the 1 
P^I^citlier can the rotation of the earth be admitted to influeitce 
' to any great degree tlie movements of the air currents; be- 
cause we find that the air actually ti'aTels from north-waet 
to south-east, or from south-east to north west in the northem 
hemisphere; and from south-west, or from nordi-east, in the 
southern hemisphere, beyond tbe 45th parallel, although 
these directions are contrary to what should take place ao- 
cordiug to theory, being polar not equatori^ ; and it is certain 
that tbe ail- acquires directly the motion of the earth at the 
point with which it comes in contact. It seems more probable 
that tbe movements of tbe atmospbei-e are, aa a whole, &om 
west to east, and that tbe variations fi-om this dominant 
direction are local in tbeir origin, and ai-e the counterpart of 
tbe movements which take place in tbe ocean. 

290. Constant Westerly Current at High Altitudes.— 
It has been frequently obderveJ that ashes froiii tropical 
[ ViilcanoeH travKl to windward, contrary to the direction of tbe 
teady easterly and north-easterly winds, and that they have 
sen thus transported for hundreds of miles. Preqnent 
bservationa have been recorded ot tie upper clouds travel- 
ling eastwards, contrary to the movements of the lower 
Kjntrata; and tbe observations of many travellers coincide with 
Rfliose of Pi-ofesHor Smyth on Teneriffe, to the efiect that strong 
esteHy winds prevaO at high altitudes, while easterly winds 
Rare travelling along tbe surface of tbe eoi-th. Ba far, tbere- 
, as these observations go, there seems no reason for 
Rfloubting that the upper current has a westerly movement ia 
liljgh altitudes, and that that movement is for the most part a 
very rapid one. In tbe higher latitudes, both north and 
south, westerly winds prevail, and tJiese are subject, as they 
appraaeh lower latitudes, to various deflections, which are tbe 

Ioountei-iiart of those observed in tbe case of the easterly drift 
of tlie Antarctic Ocean. 
291. Winds of the Atlantic Basin : H.B. Trades.— For 
tiie most convenient description of the vai-ious winds which 
teKdominate at different points of tbe earth's surface, it will 
n best to follow tbe same geographical arrangement as waa 
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adopted in the case of the ocean circulation. In the North 
Atlantic, between 1 0° and 26° N. lat., the north-east trade pre- 
vails, the belt thus limited advancing towards or receding 
from the equator according to the seasons, being nearest to 
the equator in January, farthest from it in July. Between 
15° and 20 ^^ the trades blow steadily throughout the year; and 
this fact is recognised by navigators, who know this region as 
the heart of the trades. Towards the northern limit of this 
belt the currents have a more northerly direction, and 
towards the American side the westward direction is more 
conspicuous, this variation being due to the influence of 
rotation: The winds, however, upon the African shores 
are deflected at Cape Yerde, and become noi-th-west winds, 
passing southwards towards the Gulf of Guinea. On the 
African continent, easterly and north-easterly winds prevail; 
and under their influence the sand storms of the desert are 
carried out seawai'ds, the red dust being frequently deposited 
upon ships at considerable distance from land. Hainnattan 
is the local name of the north-east wind blowing seawards 
from the Sahara to the south of Cape Verde in the winter 
months, especially January and February. The conversion 
of the trades into easterly winds, towards the West Indian 
Islands, renders them important auxiliaries of the equatorial 
current, which sets towards the Gulf of Mexico. On the 
east side of the Atlantic, beyond the limit of the* trades, nor- 
therly winds, chiefly north-west, though sometimes also north- 
east, prevail, and influence navigation importantly, since 
homeward-bound vessels, returning from Spain, are obliged to 
go 20° to the west before they can turn northwards, though 
the outward voyage is facilitated by them. 

292. Hediterranean. — The dominant direction of the Medi- 
terranean winds is from the north. Local names ai^e given 
to particular winds : thus, the north-west wind of the Gulf of 
Lyons and West Italy is known as the Mistral; the north 
wind of the Adriatic is the Bora; the Gregale is the north- 
east wind which strikes Malta; and the Archipelago is visited 
by the Etesians, or north-east winds of summer; while the 
l^montana is the winter wind of that region. In the Levant 
the summer wind is from the north-east, that of spring from 
the north-west; and along the north co^a\. oi M.-nR^.^vk^^ 
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iterly wind known aa a Levanter is Uilemblj steady. 

'ORiHi IB a remarkable exception both to the direction and 
le character of these Mediterraoean winds. It ti-avels fiam 
sontli-eaBt, carrying with it the red sand of the desert, 
and, crossing Malta and Sicily, strikes upon Italy, prodndng 
there very remarkable physical and physiological effects. It 
is hot and damp; the temperature liaes as high aa 35^0,, and 
its severely depressing efTects are manifest bo^ on animal and 
vegetable life. Its character is consequent upon the elevation 
of the Sahara into diy land, and there is every reason to 
believe that to its influence may be ti-aced the Bh l inking of 
the Italian glaciers upon the southern slopes of the Alpa. It 
has been calculated tJtat if the Sahara were again laid under 
water, the plains of Loinbardy would cease to be tho richly 
productive regions wo now see them. 

393. Causes of Birooco: Pohn.— Tho sirocco ci-oaaes the 
Alpsandbecomesthefdhn. or south-west wind of Switzerland. 
But it has entirely changed its character; and as the hishny 
of this ciurent illustrates several important points, it desravM 
some attention, more especially as it is even yet a subject 
of discussion among meteoroIogistB. The K.R trades in tlis 
Atlantic recede northwards timing Humnier, and the coast 
winds of Africa are at that season frequently froiu the west. 
The noi-th-east winds of the continent are thus impeded in 
theii' seaward progress, even blown back, and forced to find 
an escape to tho north as the sirocco over Italy, tho aolano 
in Spain. The sirocco blows at all periods of the year, but 
moat frequently in spring and aiitumn; and at these periods 
tlie African interior receives supplies of air, warm and moist, 
from both coasts, from the Gulf of Guinea, and from the Ited 
Sea, as well as from tho Mediterranean, It thus starts with 
a oonsidemble quantity of moisture, which is increased as 
its over-heated lower strata pass over the sea. Precipitation 
takes place in the north of Italy: the wind, however, goes 
on, rises over the Alps, and, cooled during expansion, re- 
gains a higher temperature on tlie low grounds to the north, 
where it I'eaiunes its former density. But the tempei-ature 
is not quite so high, since the vapour which it still carried 
the heights would permit radiation into space, and this 
woiild not he regained by renewed density. 
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294. Transmontane Wind in New Zealand.— The phcno 

mena attending its passage pver the Alps are exactly parallel 
to those ohserved in New Zealand, where a north-west wind 
throws down rain or snow on the coast and hill face on which it 
strikes, though this is not always the case, as the precipitation 
sometimes takes place before the land is reached. On the 
south-west face of the range, the wind descends the valleys with 
heat sufficient to cause floods in the glacier streams by the 
sudden melting of the ice. 

In the northern part of the Atlantic basin, north that is 
to say of 35°, west winds prevail, and the " Eoaring Forties," 
about 40° N. lat., are tolerably steady in their du-ection, 
though in winter they reach the British coasts often with 
very great violence. The years of greatest loss, by shipwrecks, 
on the west shores of the British islands are those in which 
these westerly winds have attained their greatest violence. 
It may be said that generally west winds prevail over Europe, 
and reach as far as the Black Sea, to the south of which the 
northern tendency reappears. 

895. Calms of the Tropic of Cancer.^— Over an area 
generally similar to that of the Sargasso Sea, to the north, 
that is to say, of the trades, in 30^ to 35^ W. Ion., there 
is a variable region known to sailors as the Horse Latitudes, 
which lies in an area bounded by northerly winds on the 
east and west; by the west winds to the north; by the 
trades to the south. The winds in this region may come 
from any point; they may blow with great violence, or may 
be succeeded by calms. This change in the character of 
the winds increases the analogy to the Sargasso Sea, whose 
shifting position is due to the encroachment of one or 
another current. 

296. Hurricane Region. — ^The humcane district of the 
West Indies comprises the islands from Barbadoes north- 
westward, even to Mexico, and north-eastwards to about 70*^ 
W. Ion., and there is reason to believe that theii' influence 
is felt indii'ectly upon the shores of Europe. The general 
track of the humcanes is from a point to the east of Bar- 
badoes, in 10^ to 15® N. lat., thence to the west north-west 
as far as Florida, and northward to about 40^^ N. lat. , where 
they die out. They are sometimes conlmwed \,'^'ts\ANdxv\5^V\^\<^ 
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[ the Giilf of Mexico, but never affect the continent beyond 
J the Alleglianies. 

■• 297. Horth Amerieart Winds. — The continent consista rf 

T ft ceutml valley lying between the Ilocky Mountains and tlie 

L Doxat i-unges, but ojien to north and south. The Jtocky 

I Mountains cut off well-nigh entirely the westerly winda, and 

Wm northerly direction prevails iu. the central trough aa &x 

I as about 35° N. lat. ; south of that the direction is onceas- 

ingly from the south-west, though south-east is frequent at 

the foot of the Rocky Mountains, the wind following the 

j curve of the high ground. The winter winds are chiefly from 

\ the north-west, a direction observed even in the Caribbean 

These cold winds, which blow down the whole American 

I valley, become more and more westerly among the islands, 

J -whence they pass to rejoin the westerly winds of the North 

( Athmtic. They are the noilhers of the Mejdcan Gulf, the 

«unterpart of which osists on the homomorphic ■western 

!oa,sts of the Pacilic. 

398. Bouth-east Tradea, — The south-east tradea are very 

steady, and in general sti'onger than, the north-east. They 

I occupy a belt, likewise vaiiable in position, between 0° and 

I 25° 8. lat. ; in winter they rea«h 5" N. lat. On the African 

■ coast they are more southerly in direction, and in the Gulf 

of Guinea westerly winds provail, the direction shifting from 

west north-we^t to west south-west, and calms are of frequent 

occurrence. Tliia region of variable wind extends as far as 

3^ W. Ion. , and the names by which it is known are ; Eegion 

of Equatorial Calms, Region of Vai'iable Calms, Eegion of 

Variable Winds and Calms, Kegion of Constant Precipitation, 

Doldrums, or the Eains of earlier navigators. This region, 

in fact, corresponds generally with the triangle left between 

the two roots of the equatorial ocean cmrent, and is thus 

L an atmospheric dead-water, in which west winds struggle 

I for predominance. To the north and south of it the trades 
sometimes coalesce into an east wind, blowing towards the 
Caribbean Sea. On the opposite sides of the 8. Atlantic basin, 
opposite tendencies exist, the northerly prevailing on the 
American shore, the southerly pre'railing on the African side, 
though these are converted into west winds during winter. On 

II the southern continent of Africa, as on the northei-n, the trades 
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are, as a nile, distinctly felt. On the American continent con- 
siderable variations, however, exist; thus, the trade passes up 
the Amazon valley as an east wind, which from July to Janu- 
ary — the dry season — blows with increasing strength ; but in 
the wet season dies down almost to the coast line. In Para- 
guay north-east winds prevail, north-west being rare. But the 
pamperos, farther to the south, are north- wesb, west, or south- 
west winds, which blow across the pampasj often with great 
and sudden violence. From 40*^ S. lat. the westerly circum- 
polar winds prevail as steady and strong currents which, 
near Cape Horn, form westerly or south-westerly gales. 
Another region of calms exists between 0° and 15^ W. Ion., 27^ 
and ST** S. lat., and represents an ellipse whose position is 
variable, and whose long axis is from north-west to south-east. 
299. Pacific Ocean. — The Pacific. Ocean manifests the 
same westerly currents in high latitudes as does the Atlantic. 
The north-east tirades form a belt between 0' and 20*^ N. lat. 
The south-east trades range from 0^ to 25° S. lat. The 
north trades are not so steady as those of the Atlantic, and 
both they and the south trades have a more easterly direction. 
The north-east trade, striking upon the Philippine Islands, 
acquires a southerly direction, thus following to some extent 
the course of the Japan current. In the noi-th China seas 
the winds undergo seasonal changes, beiijg south-west in 
summer, and north-east from November to April; and, to 
complete the resemblance which this region presents to the 
corresponding portion of the American continent, we have 
hurricane regions in which typhoons occur between August 
and October, their position being from 10° to 23° N. lat. 
To the seasonal vaiiations the term monsoon is applied, 
although the phrase is more strictly applicable to the variable 
winds of the Indian Ocean. As in the latter . region, the 
south-west monsoon is the wet summer wind, the north-east 
is the dry wind of winter. On the American side, the trade 
winds go farther to the north, and have, as on the corre- 
sponding shores of Africa, a more northerly direction, even 
acquiring a north-westerly inclination. On the Mexican 
coast, the winter winds are north or north-west, the summer 
south-west or south-east, but across the open ocean westerly 
winds prevail above 40° of latitude; and between this \:e<g.Q\\. 
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i»nd tliG sbifting limits if the trades, a TariabJe region easta, 
'p^iicb doeR not, however, reach the hind upon either wde. 
fs the Bouthem Pacific Ocean, the south trade loses Btrengtb 
itward, and among the islands in replaced by irr^ul» 
ly wiiidB. On the Chilian coast, monsoona vaty from 
luth and south-west in summer to north, commeEciug in 
March; and here, as in many other cases, the polai* wind ia 
dry, the equatorial moist. But, on the Peruvian coast, the 
Biimmei" wind is south-weat and moist, though heavy fogs 
accompany the rare north winds. In winter, the north wind 
blows from the Caribbean Sea as a papagayo or tchuontepecer. 

300. Indian Ocean. — ^The winds to the north of 12° S, 
lat. in the Indian Ocean, are alternately from north-east and 
Bouth-wesb, and are hence known be monsoons, though that 
toim is originally applied only to the altei'natiug winds on 
the Arabian coast. The south-east trade blows in mnter to 
file equatorj but, in simunor, its noi'them limit retreats to 
"" S. lat. In winter, it is more and more easterly towards 

equator; but, in Bummer, the area of 12° which it has 
deserted, is traversed by winds fi^m the west, north-west, 
or aouth-west. The laiide shifts its southern limit also, 
and thus the variable region, the calms of Capiicom, which 
separates it from the constant Antarctic "west winds, is 
carried up and down. This region ia only a patch separated 
"rom Australia by the winds which blow northwards to feed 
'le ti-ade, while the African winds again limit to tlie west. 
'e have here another example of an atmospheric backwater, 
in which the westerly winds struggle to prevail, and tho 
weather ia thiis very irregular and broken. 

Summer and winter are those of the noith and south Iremi- 
sphorea respectively. 

301. Uonsoons. — It is impossible, within the compass of 
chapter, to make olear the great irregulaiity of tlie 

i-hich are comprised under tlie one phrase, 
t is usual to state their character summarily, 
that of a wind which, from May to September, blows 
m the Bouth-west; and from October to April, fi-om the 
irth-east But this is only true for a few localities, as the 
ist of Arabia. It may be said, in general t«i'nis, tlint the 
north of the equator, from October to April, are 




Monsoons. 267 

northerly, chiefly fi-om the east of north, but even from 
thfe west of north; and that the winds from May to September 
are more markedly westerly in the open sea. The deflec- 
tions may be grouped accorcHng to the coast lines. Thus the 
parallel lines, from Calcutta south-eastwards and from Cutch 
to Cape Comorin, from Calcutta to Ceylon and the west side 
of the Indian Ocean, show parallel movements of the winds. 
On the Malabar and Burmah coasts, the N.E. monsoon, which 
at sea is steady, blows from north-west; the S.W. monsoon 
is from the west, or north of west, on the Malabar coast; it 
blows north-west past Point de Galle, and returns as a south- 
easter to the Coromandel coast, though it is more strictly 
south in the open sea; and again south-west when it blows 
inland at the north end of the bay. The Red Sea, during 
the N.E. monsoon, i.e., from* October to April, is ti-aversed 
by a south-east wind; and from May to September, by a north- 
west. Some of the summer variations are tabulated below. 

N.W., . . . Gulf of Oman. 

S.W.; S.S.W., . S.E. Coast of Arabia. 

N.; N.E., . . EedSea. 

W.; S,W.; S.E., . Bay of Bengal (west and north). 

W.; N., . . . Bay of Bengal (east coast). 

W. ; W. N. W. , . Malabar Coast. 

N.W.; W.N.W., . Cape Comoriu. 

N.W., . . . Nilgherries. 

S.W.; W.; N.W., . Off Hooglll3^ 

The similarity of the movements on parallel coast lines, 
and the remarkable variations in the E,ed Sea, indicate the 
power of local geographical conditions as superior to any 
general influence, such as rotation of the earth. 

To the south of the equator, the south-east trade is only 
variable in position, is not reveraed in direction by the 
seasons; this is true at least for the area from 12° to 25^ S. 
lat. The seasonal reversal between 0° and 12°, gives during 
winter the eastward movement, which may be regarded as 
the extreme deflection of the south-east trade; while in 
summer a westerly wind traverses the ocean, and passes into 
the Pacific through the island channels. This westerly wind, 
the N.W. monsoon of the South Indian Ocean, is more 
northerly near Madagascar, and even may blow from the 
east of north. The influence of local featvxt^^ \^ ^ga^x^.^^JJ^asr 
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tratetl ill tte winils of the Mozambique Clmnncl, which Hnw 
during winter from the south-west, during summer from the 
north-eaat. Now, as the wind lilowa along the coast of 
Africa from the mouth of the Ariibian Gulf as a north- 
east wind during the months October to Aprii, and a 

the S.E. trade retreats to 12° S, lat., the Mozam- 

Lque wind of that season is a prolongation of the N.E. 

lonsoon of the North Indian Ocean, while the winter wind 
& the deflection of the S.E. trade, which at that seasou 
blows to the ei)uator. 

308. MonBoona in other Regions- — The word i 
is now used for alternating winds in other regions; and as 
this custom is becoming popular, it would, perhaps, be well 
to use the term, in books on Physical Geography, for any 
winds at any locality whose direction shifts with the aeasoas, 
and which • divide the year, however uneqnally, between 

ITsing the term, then, in this wider sense, we have monsoons 
the China seas, in the Mexican Gidf, on tho coasts of 

Frica, and South Amprica. 

303. B. American Uonsoons. — The N.E. trade reachea 
the north-^ast of South America, north of the equator, from 
December to Api-il; but, fur the rpiit of tlie year, the venda- 
bales, wet westerly or south-westerly winds, altei-nate with 
Bouth-easterly winds along the coast. There is here repeated, 
and for exactly the same reason, what happens on the east 
ooast of Africa in the Mozambique Channel. The northern 
the trades to the north, and the S. E. trade 
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blows into the Caribbean Sea, while the- southern summer 
brings theN.E. trade nearer the eqtuitor. In the Gulf of 
Mexico itself an alternation of the same kuid is seen, but 
Ita periods are not sharply defined; and the north winds 
come down the Mississippi valley, their movements having 
referenoe to other influences. 

304. CtuneBS Monsoons. — From October to April, the 
FormoBiui winds are steady at north-east; and, like the polar 
winds on the American side of the Pacific, they are dry and 
clear. For the rest of the year, with the esception of the 
typhoon months, the wind is from the south-west, and is 
wea more southerly at the Philippine Islands. These regular 
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Beasoiia! altemationa extend, there ia tvery I'easou to believe, 
into tlie interior, the AooiIb of the yang-tae-Kiang not being 
espUcable by the melting of anow, which does not lie on tha 
Thibetan high grounds; so that a wet aeason, tliftt of the 
Boiitherly or aouth- westerly monsoon, ia the only other source 
of the excesaive moisture. 

303. UonsooiiB of Western N. America. — Fi'om June 
till October, or rarely November, tlie winds are, on the west 
coast of Mejtioo, from south, south-west, or south-east, and 
are wet, as equatorial wiuds are for the most pai-t. In winter, 
over the same area, north-westerly winda prevail, and may 
reach even to the equator, if they paaa their customary limit 
alxiut 10° N. lat. 

S06. Honsoon of Western B. America and S. Ai^ca. — 
The north-west winds, with much moisture, increase in tlieir 
duration o^ we advance southwaixls on the American coast, 
till in Patagonia westerly winda occupy moat part of the 
year ; but these are derived from the westerly winda of high 
latitude, and the alternate preponderance of the northern 
or BOiitheiTi element ia recognisable. But the winds on the 
American continent have at once greater obstacles to encoimter 
in the mountain chains, and greater freedom of escape over 
the open Pacific. Heuce tlioir movements have much less of 
periodicity than where, as in the Indian Ocean, the space is 
more restricted. In the South Atlantic, the African coast a 
lower than that of America, while tlie great projection of 
the northern portion acta more effectimlly than the similar ' 
prominence of western North America, in checking the 
movementa of the air and forcing the cuiTents more into the 
interior. Ucnce the African coast is chai'actcrised chiefly 
by the frequency of its calms. 

807. Course of Atmospheric Cnrrenta. — There arc two 
starting points fi-om which to trace the winds. According 
to the common notion, the stiirting point is the trades, which 
are the indraught of cooler air to replace the warmer air 
which ascends over the thermal equator, or line of greatest 
heat. This in July reaches aa far as 10" north of the 
equator, and in Jaimary to 2° or 3" sonth of the equator. 
TOe ascending cuiTent over this region, then, is the starting 
point whether or not the existence oS fturee xsaSBS.^'ttsa*. 1 
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tdready referred to (Art, 28S) is believed in. But, on the 
otlier hand, tlie region of a steady westerly wind seems a 
much moi'e reliable area to start from, than one in which, 
80 far from a vertical circulation being proved, easterly and 
westerly winds straggle, and calina frequently indicate the 
absence of all motion, while excessive rainfalls likewise tell 
of arrested motion in the air, Starting, then, with the 
westerly cmrent aa consequent on the rotation of tiie 
earth, vre find that it strikes the level of the sea at 40° lat. 
N. and 8. Ita prcgresa eastward ia arrested by the shores 
of tlie Atlantic and Pacific. But these present veiy unequal 
obstacles. Tlie mountain backbone of America is low only 
in the centre. To the nortli and south it stops almost 
entirely every direct influence from tlio west. The eastern. 
shores of the Atlantic, on the other hand, consist ehie£y 
of low grotinils, or of chains which run from east to west, 
and thus present less powerful obstacles to the progress of 
the current. The wind paaeing over Europe is deflected by 
the central mountain chains through gaps in which the 
mistral, the boi-a, and other north-westerly currents pass, 
while the Ourals and thocolder, denser air of north and oentnd 
Asid check its eastward pi-ogross, the eastern and western 
direction of the gieat ranges jiermittinj its free passage as tar 
AS the western rainpaa-t of the Thibetan plateau. From Hay- 
ward's explorations, it appeal's that the winds of eaiitem 
Tiirkeetan ai'e dominantly from the west, and that there are 
pasaea through which these winds enter the country to the 
north of the Himalayas. But to the south of the sources of 
the Ksabgar river, a mountain range, with peaks of upwards of 
21,000 feet in height, forms a wall which reaches the Hindu 
Kuah, and thus gives that southerly direction which Btirnea 
records as prevalent in Bokhara. Thence it may be followed 
to the south-east, till it enters the low gi-ound south of the 
Himalayas, and descends the main valleys of the Ganges and 
Indus. Its eastwartl dii-ection is resumed on the east sides 
of the Indian Ocean, but it divides on the north-east comer 
of Africa, part turns south-westwards witli the African coast, 
while the other part follows the hollow of tlie Red Sea. 
Tlie S.W- monsoon corresponds in time with tlie easterly 
monsoon which blows south of the et^uator. But when 
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the north-westerlj monsoon, or more strictly tlie westerly 
monsoon, blows in the summer of the south hemisphere, the 
N.E. monsoon is blowing in the north; the two winds, there- 
fore, intervening between the N.E. monsoon and the S.E. 
trade, are in reality different phases of the same westerly 
wind, which in the narrower Atlantic fails to attain the 
same fetch, and thus blows with less strength in the open 
ocean; in the Indian Ocean, moreover, it has an escape 
through the insular channels. The N.E. monsoon is in 
position the equivalent of the N.E. trade, and thus compar- 
ing this with the two gi-eat oceans, the equatorial calm 
and variable region is here gi^eatly enlarged, swinging alter- 
nately to the north and south of the equator through a 
greater range 

The deflections of the trades have still to be accounted for. 
If there is no continuous range of mo\mtains across Africa, 
there seems some obstacle sufficient to prevent the European 
winds passing south, and to force them westwirds to join the 
trades, which, however, stai*t farther rorth than this source 
of supply. The air over the land is appealed to as, in defect 
of other more powerful barricades, sufficient to deflect a cur- 
rent. It would appear as if the equatorial belt of westerly 
winds and calms presented such a case; the trades acquire 
increased easting as they approach the equator, and the belt 
shifts with them to north and south. As that belt is one of 
low barometeric pressure, it must be only difference in quality 
of atmosphere which prevents its being torn away and 
absorbed into the ti-ades on either side; the contrary takes 
place in the west of the Atlantic and Pacific oceans, where 
the trades contribute to the westerly winds which sometimes 
blow in the equatorial calm region. 

The order here indicated is founded on theoretical con- 
siderations, which have not yet met with entire acceptance. 
Into the arguments in support of the arrangement it is 
impossible here to enter. The student will find them dis- 
cussed in Laughton's work already referred to, and in various 
communications in journals. It is only necessary to say 
further, that, while the primary motion is ascribed to a 
westerly current, and the great majority of the phenomena 
are eadlj strung on this theoretical tlorea^, ^^ ^xscsS^^ 
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influence, unUer cei'tain cireumstattcea, of preaauro, and i 
ence of temperatiu-e, is ]iy no means excluded. 

SOS. Land and 8ea Breezes.— Thus the altenmte mcTe- 
jnent of air to and from the land, by day and night, Beemi 
due to the combined influence of inci-eased pressure and 
diffci-ence of temperittm-e. The air ovei- the sea receives, u 
the heat increases, a large amonnt of vapour bj evaporalaoii, 
and thus acquires greater elasticity than that over the land, 
npon which it thrusts itaelf. During the night, when evapo- 
ratioa is checked over the sea, the air, cooled down by radia- 
tion and by diffusion, loses mora elasticity than that of Hi^ 
land, which thrusts itself out seaward. A certain approach 
to equilibrium between the sea and land air, however, 'a 
needed ; thus these breezes are not known where the ahorea 
are bare of vegetation, and the temperatui-e of day and m^t 
are thua veiy diSerent. Tlie east wind of night on the 
Tapajoa as observed by Bates to replace the west wind, 
doubtless cornea from the interior, and thus gives a transilioD. 
from the diurnal variation to a seasonal variation, of which 
many esam])les oecnr in the monsoon area on a small scale. 

It is again, as in the case of ocean currents, defective 
knowledge or extreme statements which give rise to contro- 
Tersy; and as there is still uncertainty as to the machinery 
of atmosphenc circiUation, that view has been here adopted 
■which gives gi-eatest coherence and simplicity to the subjeoL 
The student must bear in mind that it is a question of how 
much influence each agent may fairly be credited with, and 
npon these amounts the moat conflicting statements are made. 

309. Velocity of Wind, — The same necessity for reference 
to a fixed standard exists in the case of wind, aa of heat and 
light; perhaps even greater, since the cireum stances under 
which excitement ia likely to make the unaided senses worth- 
less guides, are those against which it is most important to 
guard, by learning moat accuiately every detail of thar 
occurrence. "Wind gauges of vaiious kinds are used, and 
these of ccui'sc give sure results. Eut in defect of these, it 
ia nocessaiy to liave a scale commonly inteUigible, by reference 
to which the risks of error are diminished. The Beaufort 
scale recognisea thirteen grades of movement, which arg 
i4etenijinod by reference to tlje speed of a ship or the soils 
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slie can safely carry. But it is more common to use a scale 
of seven grades, — 6, between which the intermediate steps 
are marked '5, The formulae for calculating the velocity V, 
and pressure P, are P = V* x '005; and V = \/200 x P. The 
pressures and velocity are given in the following table, whiqji 
is copied from Buchan, p. 211. 



0—6 



0-0 
0-5 
1-0 
1-6 
2*0 

2-6 
8*0 
8*5 
4-0 
4*6 

60 

5-5 
60 



Preorare. 
lbs. per 
aq. foot. 



000 
0-25 
100 
2*25 
4-00 

6*25 

9-00 

12-25 

16-00 

20-25 

25-00 

80-25 
86-00 



Velocity. 

miles per 

hour. 





71 

141 

21-2 

28-3 

35-4 
42-4 
49-5 
56-6 
63-6 

70-7 

77 8 
84-8 



Beaufort's Scale., 



10 

n 

12 



Cftlm, . . . . 

Light air, . . . 
Light breeze. 

Gentle breeze, . 
Moderate breeze, 

Fresh breeze, 

Strong breeze, . 

Moderate gale, . 

Fresh gale. . . 

Strong gale, , . 

Whole gale, . . 

Storm, .... 

Hurricane, . . 



Just sufficient to malce steerage 
way. 
With which a ship with ) 1-2 kts. 
all sail set would go in > 3-4 „ 
smooth water. ) 50 „ 

Royals, etc. 
Single reefs and 
T.G. sails. 
Dble. reefs, Jib, Ac. 
Triple reefs, etc. 
Close rfs. <& courses 
In which she could Just bear 
close-reefed ihaintopsail and 
. reefed foresail. 
Under stoiiu staysails or trysails. 
Bare poles. 



In which 
she could 
just carry 



But while, as has been said, the estimated force may be 
exaggera^, the instrumental observation is liable to eiTor, 
both of excess and defect. In every gale gusts may, for a few 
minutes, give a pressure of 80, though the storm is far short 
of a hurricane; and, on the other hand, the instruments do 
not fully record the suddenness which constitutes the chief 
dangers of the revolving storm to sailing ships. 

810. StonnB. — ^Though it may not be easy to say at what 
point a storm begins in temperate regions, where the accele- 
ration of the wind is often gradual, the tropical storms are 
abrupt enough to mark them sharply off from the ordinary 
states of the atmosphere. Their suddenness gives them a 
distinct character apart from their rotation, but does not 
afford a basis of classification. We may, perhaps, regard 
storms as belonging to two groups. 

1. Those which are accelerations of the prevailing winds, 
whether caused by increase of pressure from behind, or by 
diminished pressure in front. 

2. Those in which the prevailing direction is altered, 
29 ^ ^ ^ 
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311- storms of Aeeeleration. — The hot winds, the a 
imd simoom, both Bcmtherly, both coming froi 
deserts, ore perhaps the best examples of winds driven b; 
tn-eBsure from behind. The galea of the N. Atlantic, of the 
Ijatagonian coaat, and of other localities where the prevailing 
■wind comes in contact with a. current of different tempemtura 
and different elastic tension, are due to the sudden diminu- 
tion of pressiire by condensation, which ia propagated back- 
wards in one or other current by the steady advance of that 
which has after the contact the gi'eatcr amount of t«nsian. 

313. Tornadoes. — Tho harmattas has already beea do- 
embed (Art. SOI); but it remains to add that the southwud 
shifting of the thermal equator has probably to do with the 
occasional acceleration of this wind, by the amount of Buddoii 
precipitation which taies place. This cerfcaiuly seema to be 
the case with the tornadoes of West Africa, in which the 
barometer and the direction of the wind ai-e unchanged 
diu'ing the height of tho storm, 

313. Rotatory StonuB. — But difficult as it is to trace the 
oiigin of storms whose direction is rectilinear, perplexing as 
is the effort to fix the relative importance (rf barometrio 
variations, it is still more difficult to accept, as condnaive, 
any of the explanations hitherto given of the rotatory storms. 
The meeting of antagonistic air cuii-enta, differences of dee- 
trie tension, imitation of the earth on its axis, as well as 
vai'iationa of atmospheric pressure, have heen appealed to. 
lie facta aeem to be: — 1. That the hurricanes of the "Wert 
Indies, the cyclones of the Indian Oceau, the Chinwe 
typhoon, start from the areaa in which ciurents mingle from 
different directions. 2, The rotation ia, in the West Indies, 
N."W.S.R,withthesim;inthe South Indian Ocean KE.S.W., 
against the sun, but with the hands of a watch. 3. That 
the centre of the revolving mass is an area of low pressure, 
two inches lower than outside. 4. That the track of the 
(tpiral follows the couim of the prevailing wind. 5. That 
the barometer falls before the storm. 6. That heavy rainfall, 
and froqiiently electric displays, accompany the storm. 
7. That when the storm approaches and touches the shore, 
& storm-wave is hurled on the land with tei-rible effects. 
The unsettled questions in metcrology are ; la the baroinetric 
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depression before the arrival of the storm the cause, or is it 
an effect like the wave which precedes a swift steamer? is 
the rainfall a cause here of movements which in other tropi- 
cal localities it does not cause? 

The months in which these storms occijr are given below, 
the West Indian figures being a mean of several years ; 
those for the cyclones the statistics of one year ; while for 
the typhoons the months of greatest frequency are merely 
marked with a star. 

Jan. Feb. Mar. Apr. May. Jun. Jly. A\ig. Sep. Oct. Nov. Deo. 
West Indies, 15 2 3 2 15 3 7 28*5 24 20 5 5 2 
S. Indian Ocean, 10 16 17 10 13 

Q?yphoon, # « • 

The track of the hurricane has already been described 
(Art. 296)? It practically starts along the oblique line formed 
by the northward passage of the S.E. trade. Its parallelism 
to the course of the Gulf Stream seems to indicate that both 
are directed in their movements by the trend of the coast- 
line as soon as they are clear of the Mexican Gulf. But 
when a portion of the storm enters the gulf, it there also 
follows the coast line and sweeps round the shores. 

The origin, course, and period of the typhoons are singu- 
larly repetitive of those of the hurricane. Their range in 
latitude is from 10® to 24°. 

The cyclones are on the northern limit of the S.E. ti-ade, 
as it recedes southwards, foUowed by the N.W. monsoon. 
They start far to the east, near to Java, and travel along the 
margin of the trade, bending towards the south-west near 
Mauritius, the N.W. monsoon there blowing farther south 
than elsewhere, just as the S.E. trade in the Atlantic reaches 
far towards Barbadoes. 

In the North Indian Ocean they start near to the Nicobar 
Islands, and reach to Calcutta or to Madras, for their course 
varies in different years. They are less frequent to the west 
of the Indian peninsula, along whose shores they commonly 
travel. 

These are the principal areas U). which revolving storms 
occur as regular periodic events. But in temperate regions 
cyclonic storms sometimes are observed, and of these baro- 
metric variations are probably the e&cieivt cq^Qi^^'^^ 
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^H TLe Storm Chart of Europe for November 2, 1863, given 
^^1 hy Buchan, page 242, illuatrates the illation of the strong 
^^H -wimls to the ai-ea of mmimiim tarometric pressure, 28-9 
^^H (tliat of Eiu-ope lieing on tte a,verage 29-9). The track of 
^^H the two sbormE was from the west of Irelund to the head of 
^^H the Gttlf of Fiulaad on the one hand, through Denmark 
^^H towai'iiU Kiga on the othei*. As the former of these is the more 
^^f ccimmon for the European storms, and as it is from S.W. 
towaids M.E., it is again an example of the prevailiBg windB 
fixing the course, whatever may hare Leen the origin of the 
nioTement. 
^^ S14. Velocity of Rotatory Storms. — Two distinct velocities 

^^^ must bo kept apaH ; that of the wind, which may attain to 
^^M 100 miles an. hour, shifting round the compass, and that of 
^^M the etorm which travels at from 10 to 15 miles %n hour — 
^^M though the btirricaoo of 1S66 is said to have approached 
^^M Bermuda at 30 miles an hour. The storms of Europe travel 
^^^ at rates varying from 15 to 45 miles an hour, 18 miles being 
^H the moat eonunon rate; and it is woi-tby of note that those 
^^ft which occur in the area of westerly wind^, ore more rapid 
^^H than those of the trade return currents. The determinatiDn 
^^H of .velocity is of imporbmce with reference to the transmission 
^^V of storm warnings. 

^V 315. Area of a Rotatory Btorm. — The diameter of the 
^^m revolution is variously stated. Many are known to have 
^^M Lad a diameter of 50 miles; 100 miles is proved to have been 
^^^ the diameter of one. But the extreme breadth assigned, 
^^^ 1500 miles in some cases, requires slrong proof. Buchan's 
^^H chart, already referred to, shows that the proximity of two 
^^H distinct storms might have led to their reference to one had 
^^B the interveiung points not been observed ; and apart from 
this, the observations on which such wide limite are aasei'ted 
would require to have been made simultaneously. 

816. Btorm WaveB.— The centre of a atoi-m is an area of 

I low biirometei- ; but this is not due to centrifugal force, for 
it is certain that the movement of the wind is in reality 
vorticose. Precipitation in the ceuti-e of coniiictiug winds 
gives rise to voi-tex movement, just as water escaping through 
a hole entails seooniJary whirls in the air above it. This 
Bometimes takes place in the tornadoes, and ia the galea 
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formed, as at the mouth of the La Plata, "between the sea 
and the river winds. The consequence of precipitation is 
diminution of elasticity; thereafter the vorticose movement 
increases in strength, and rises as air is drawn in along the 
•ground, for in all these cases the wind is not parallel to the 
ground, but strikes down and is reflected from it. The 
centre is thus a cup with the mouth downwards, into which 
the water is raised; and when an obstacle occurs, when tho 
cup is broken, the water, no longer supported, " holds its way," 
and is thrown down in mass over the land. 

317. WhirlwindB: Waterspouts. — Every gusty day one 
may see eddies round comers, which illustrate the principles 
laid down as to the movement of wind and water when they 
come against an obstacle. But the phenomena which have 
now to be considered are of another kind. They are in tem- 
perate regions usually connected with electric disturbance. 
These local rotatory storms are sometimes called tornadoes; 
and etymologically the name is better applied than to the 
usually rectilinear gales of West Africa. The account of 
that of Chatenay, near Paris, in 1839, quoted by Noad, de- 
scribes what is sometimes seen on a small scale on the high 
grounds of north Scotland; the lower part of a thunder- 
cloud swelled downwards and became a conductor between 
the upper clouds and the earth. The inverted cone became 
surrounded by dust and light objects, drawn up to and wheel- 
ing round it; the now continuous pillar travelled forward 
for some time, uprooting and twisting everything in its way, 
and finally, the upper half was withdrawn into the clouds, 
while the base of the pillar sank, a mass of rubbish, to the 
earth. A similar description is given of the waterspouts 
whose formation has been observed in the Pacific; and it is 
interesting to note that the descent of the cloud-funnel to 
meet the ascending cone of water was preceded by veering 
winds, in the axis of which the spout was formed. Palgrave 
describes deep circular hollows in the Arabian desert which 
were probably formed by such whirlwinds, and in the Aus- 
tralian desert similar appearances have been detected. 

S18. Dust Storms : Simoom. — The dust storms of India 

consist of a nimiber of whirlwind columns moving together; 
those of Nubia, described by Baker, move independently ^ laa 
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)f tlie Satara- The phenomenon rnny be 
by the aBcont of a number of adjacent columns of smoke fnutt.' 1 
Gmoultloring cotkiu, the epirala of C!u;h pillar and of the 
■whole mass being distinct if the air is still. 

The simooms of the Arabian denei-t, and the Eamiel fartlier 

to the cast, eeem to belong to this gi-oup ; th.e7 certAinly 

differ from tho sirocco, inasmuch as their origin is within 

the limits of the desert, and local heating of the surfikee 

the ouly ndequnto explanation of their origin. 



SECTION III.— ELECTKICITY AND MAGNETISM. 
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319. Terrestrial Magnetism. — The magnetic needle, when 
BUBpended horizontally, does not point to the north, pole of 
the earth, but at Greenwich points between 20° and 21° 
west of north. Tliis, the north magnetic pole, has its counter- 
part in an antarctic polo, which is correspondiugly east of 
the earth's pole. This variation of the needle is not conBtant 
Tho pole has shifted since a.d. 1576 from ll"^ 15' E. to due 
north in 1657, thence to its westward maximum, 21° 27' 18" 
in 1815, from which it is now moving back. 

Bub the change has not been in one plane. If a, needle is 
suspended so tlmt it can swing vei-ticolly, it will not remain 
horiEontal, but its north pole will he deflected downwards at 
an angle of about 68" to tho hoidzon at Greenwich. The 
nearer to tho magnetic pole tho gi-eater will be the deflection, 

tBO that at the pole it should be vertical. The deflection 
diminishes towards the magnetic equator, and again iuci'ea&ea 
bt the opposite direction in the southern hemisphere. Now 
Qiis dip of the needle has diminished, at London, fivm 
74" 43' in 1720, to 68" 2', and this indicates a greater distance 
bom the pole now than formerly. Taken in connection wiUi 
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tke viBtriation from east to west, the magnetic pole seems to 
have described a icircle round the terrestrial pole from east 
to west, and Mr. ll. A. Proctor assigns about 650 years as 
the period of the complete revolution. 

The earth is thus a magnetic mass which alSects the needle 
as any other magnetic mass would; and the student cail 
repeat the main features of the phenomena with a magnetic 
bar suspended in a paper globe, while a needle is carried to 
and fro outside. 

S20. Magnetic Equator. — Latitudinal bands have been 
described round the globe, passing through the points of 
equal dip. The equator, or line of no dip, is north of the 
equator between the meridian of Greenwich and 180^ W, 
Ion., south of the equator for the rest of the globe's circum- 
ference. 

321. Line of no Variation. — This line, though not regarded 
as of great importance, is of some interest. From the mag- 
netic pole it passes to the west of Hudson's Bay, thence 
south-east outside of the Antilles, crosses the eastern promi- 
nence of South America to the south magnetic pole ; thence 
crossing the western portion of Australia, it reaches the 
teiTestrial equator in about 75^ E. Ion., and passes north- 
ward to the magnetic pole. 

822. Annual Variations. — Between the vernal equinox 
and the summer solstice, that is, from April to July, the 
westward variation diminishes ; lor the rest of the year it 
returns westward. 

823. Daily Variations. — The needle moves alternately 
eastward and westward towards the sun, whether he is above 
or below the horizon : the maximum of the easterly move- 
ment is reached at 7 a.m., the maximum westerly movement 
at Ih. 10m. P.M., whence it recedes eastward till 10 p.m.; the 
mean deviation for the day varying through 9' 8". These 
are the mean movements^ but they are modified seasonally. 
In summer the extreme range is 13' 27''; in winter the 
minimum daily range is 7' 2". In winter the westerly move^ 
ment is continuous throughout afternoon and night; in 
summer the eastward movement is continuous from 7 p. Mi 

to 7 A«M. 

824. Intensity.— ^The intensity oi ^^ m«."^'5JC\^ ^^-^^^ 
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[ varies, T>eing at a maxinitim at the magnetio i>ole, and in 

[ Siberia, for the northern hemisphere; near the magnetic pole 

[■■for the southern hemiBphere. T!ie points of least intensity 

are near tlie equator in the middle of the Pacific, and near 

St. Helena in the South Atlantic. 

825. Magnetic StomiB. — -The needles under obaervation 

are disturbed from time to time, and a.^ these disturbancM 

extend aiumltaneonsly over the globe, the influence to Trhioii 

they are due is presumably a very widely acting one. The 

i relation of the magnetic rtorms to solar disturbaacee, i&di- 

f cated by changes in the form and position of the solar spots, 

has lon^ been matter of observation; but their coincidence 

I -with auroral displays is better known. 

' 336. Aurora fioreallB. — At cither jiole a dark arch rise*, 
■whose plane is at right angles to that of the magnetic 
|.jncridiaa. Above the dark arch the auroral light is de- 
I ■'vetoped as a band of light from ■whicii long peaks are pro- 
I jected to the zenith , or else a succession of concentric b^ds 
I of light, separated by dark arches, giTCB the npjtearanee of 
I ■vertical curi^ns, seen in perspective, even the changing folds 
I of the drapery being to appearance recognisable. The horison 
l>ef the auroras, or the line elong -which they are moat fre- 
Iq^uently seen, extends fi-om New York through St Petere- 
I biirg, cities whose parallels of latitude aiB 15" apart, though 
I they are appi-osimately iu the same magnetic parallel. 
1 3S7. CElUSe of Auroial Light — Spectroscopic investiga- 
tions, conducted during the Scandinavian Polar Expedition, 
seem to indicate the presence in the atmosphere of iron and 
carbon in a fine state of division, and of anow as contribut- 
ing to the character of the auroral light. 
^^ 328. Atmospheric Eleetricity. — Pui'e air ofiera Uttle or 
^^L no resistance to the passage of electricity through it: in 
^H rarefied air the resistance is so dimbiished that it may be 
^H looked on as a conductor rather than as an insulator. Hence 
^^K -the intensity of electricity increases with height. The elec- 
^^1 ti-icity of the atmosphere is positive, 10,000 observations, 
^^■.extending over three years, showmgS'lTper cent, of negative 
^^Hjiudications. In fair weather, Thomson found negative indi- 
^^V cations to precede a change from N.E. to a westerly wind, 
^^Hiwd explains it by the accumulation in the air, over any 
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locality towards which winds blow from different points, of 
the earth's electricity, conducted off by trees, etc. The con- 
dition of air and earth are then temporarily reversed, and 
the same result might be expected to follow a whirlwind. 

329. Diurnal and Annual Changes. — The intensity of 
the atmospheric electricity varies periodically, increasing from 
June to January and decreasing again to June. The daily 
changes are more marked m winter than in summer. The 
following summary of his observations by Quetelet represents 
also the conclusions drawn from the extended observations 
at Kew: — 

1. The electricity of the air, estimated always at the same height, 
undergoes a diurnal variation, which generally presents two maxuna 
and two minima. 

2. The maxima and minima vary according to the seasons of the 
year. 

3. The first maximum occurs, in summer, before 8 A.M., in winter 
towards 10 a.m. ; the second maximum occurs, in summer, after 9 p.m., 
in winter towards 6 p.m. The interval of time which separates the 
two minima is therefore more than thirteen hours at the epoch of the 
sununer solstice, and eight hours only at the winter solstice. 

4. The minimnm of the day is towards 3 a.m. in summer, 1 a.m. 
in winter. 

5. The mean electric state of the day is best represented about 

11 A.M. 

830. Relation of Electricity to Heat: Conductors. — 

Electricity is commonly spoken of as a polar force, as if it 
differed therein from other forces. But the conversion of 
heat into electricity, or, to speak more correctly, the change 
of that motion which appears as heat into that motion which 
appears as electricity, though unknown to us save by its 
results, is manifestly a change either in the transmissive 
power of the particles in a particular Irue, or an alteration 
in the line of transmission. The similar relation between 
electricity and magnetism, makes an illustration available 
from diamagnetism. Some bodies, held between the poles 
of a horse-shoe magnet, swing axially, others swing with their 
poles pointing towards those of the magnet Among the 
diamagnetic substances, or those which placed themselves in 
the line connectiug the poles of the magnet, is bismuth. 
Tyndall prepared a rod of bismuth powder, made firm by gum 
water, and found it possessed the propeity oi \Jtift TX\fe\sii^\\fQis» 



I 



283 PHYSICAL GEOGRAPHY, 

■when the rod was laterally compreasecl it tecame magnetiii, 
the molecular aggregation apparently controiling the directioii. 
Between heat and electricity there is a remarkable eoincidenoe 
in properties, by which both are conducted equally by tie 
aanie bodies ; a good conductor of the one is a good conductor 
of the other. 

331. Conditions Affecting the Amount or ElectricitT 
in the Air. — The passage of a cuiTent is retai-ded by heat) 
accelerated by cold; hence the aeasonal differences already 
stated, as -well as those consequent on rarefaction. Tbe amount 
of electricity may be said to vaiy with the amount of moia- 
ture in the air ; but the movement of moist air derelops no 
electricity by friction, imlesB the vapour has already assumed 
the vesicular form; in other words, has undergone some 
condensation. Probably the largest amount of electricity is 
due to chemical action : evaporation of perfectly pure water 
in still air develops none; but when compound solntiana 
are evaporated, when, therefore chemical combinationa a» 
formed or altered, electricity is generated. Hence combns- 
tion. as a particular case of chemical combination, is a source 
-of electricity. "When tbe evajwrating compound is acid, and 
fwhen combustion takes place, ptwitjve electricity ia givea 
'off; when the solution is alkaline, negative electricity IB 
given. And it is worthy of comparison with the effects of 
perfumes on radiation, that the relation in reversed by the 
presence of vapour of turpentine in tbe discharge pipe through 
which steam issues. 

As pure aii" ia as little retentive of electricity as of heat, 
the accumulation of electricity in it can only be in propoitJen 
to that of stibatancca capable of retaining it, chiefly water. 
But mere moisture is not sufficient; the same quantity rf 
water at different degrees of temperature occupies difierent 
cubic space in the air, and the electric intensity is in propor- 
tion to the density; hence the contrast in winter and aummer, 
in the heat of day and the cold of dewfnll. 

33S. ThunderBtormB.^Tho formation of every cloud ia 
therefore the accumulation of electricity; but if the foimation 
18 slow, equilibrium is maintained by tbe escape of a portion. 
But if large masses of vapour are eaddenly accumulated, and 
"" these are in opposite electric states, a spark passes betweea 
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them, and tihis is continued till equilibniun is established. 
The reaccumulation may be very rapid, as in summer even- 
ings, when the flashes continue for more than an hour from, 
at least apparently, the same cloud. Forked lightning is duo 
to the breaking up of the flash by unequal conductivity of 
different atmospheric layers; this very frequently occurs 
when the spark passes between cloud and earth, though it 
also occurs when the spark passes from cloud to cloud. 
Sheet-lightning and silent lightning are probably the reflec- 
tion on the clouds of thunderstorms at variable distaaces, 
beyond or just within the limits at which the thunder or its 
echo may be heard. Thunderbolts or fulgurites, the track of 
the flash through the soil, have been artificially produced 
with a large friction machine discharging into salt and 
sand, the vitreous tube thus formed exactly resembling those 
found in the desert. Whirlwinds and waterspouts have 
already been mentioned, but they must be referred to hero 
as the gentler restoration of electrical equilibrium between 
the earth and the atmosphere, than that which takes place 
during a thunderstorm. The report heard after the flash 
is due to the sudden displacement of the air by expansion, 
and the consequent inrush to fill the space; its propagation 
is impeded by the resistance of the air, so that it does not 
travel so far as might be expected from its initial intensity. 
The number of seconds between the flash and the first soimd 
of the thunder multiplied by 1090, the average velocity of 
sound through air, gives approximately the distance- of the 
thunderstorm, in feet, from the observer. 




CLmate and Weather — Relation ot Temperanire to Latitude -^ 
Equivalent Periode in both Hemispherea — iBothermal, Isotbenl, 
Isooheimal Linoa — Continental and Ineulor Climatea — laflaence 
of Currents ; East and West Shares — Climate of British Isles — 
Climate of Lake Hegions — InQuence of Marsh Land — Form of 
Ground — Decrease of Temperature in Altitude — lufineuce of 
Barometric Pressttre— Surface Temperature of Land and Sea — 
Influence oF V^etation — Changes of Climate — Cycles of Climahi 
■ — Influence of EooentriGity ot Earth's Orbit — Influeuce of Obli- 
quity of Bcllptic — Coincidence of Extreme Eccentricity and 
Obliquity^ — Geological Evidence of Climatic Cycles — Influence of 
Geographical Changes — Weather — Deviations from Normal Tem- 
perature — Lunar Influence — Weather Prognostics, 

833. Climate and Weatber. — Cliinat« was at fii-st intended 

I to expresg the nnnuiil temperature of a, pluce, ■when tempera^ 

I ture and latitude were believed to correspond. Additions 

I hftve been graduEtlly made to this limited meaning, and now it 

I bas even been used* to include food as one of the external 

[r conditions t« which animals ai* subjected. This is, however, 

extended a eense to give to a term for which at present 

^ao exact definition can be framed. Climate may be r^arded 

s the general tendency of a district towarda mild or severe, 

I Average or extreme, temperature, moisture, atmospheric pres- 

B%are, Weather is the variation from time to time in reapecfc 

p.^of all or any of these conditions. A man's constitution is 

bA pop\ilitr phrase for hie tendencies towards any particular 

'"■feind of disease, and his capacity to endui-e changes: health 

means liis daily departures from, or retui-n to, tins condition 

of eijiiilibrium; for it is ouly in sanitaiy science that the 

health of a district means discaae, 

S31. Belation of Temperature to Latitude.— The alt «r- 

V * Joke's Manual of Gwlojy. Third Edition, p, 4S0, ^^| 



BELATIOK OP TEMPEBATUBE TO LATITUDE. 



285 



nate exposure of the northern and southern hemisphere to 
the sun (Art. 2) destroys the parallelism to the equator of 
the zones of equal solar heat. As a consequence of the obli- 
quity of its axis, the earth at B, which represents the northern 




summer solstice, has the sun above the horizon of any place 
in the northern hemisphere for more than twelve hours; and 
within the Arctic cii'cle, that is, within 23° 27' 30", the sun 
never sets. As the temperature of a region is in proportion 
(omitting minor modifications) to its exposure to the sun's 
rays, the northern hemisphere receives, in this phase, as much 
more than the average as it receives less than the average in 
the opposite phase D, which shows the southern summer 
solstice. In the intervening positions A and C, the day 
and night are equal all over the earth; and at these times, 
spring and autumn respectively, the vernal and autumnal 
equinoxes, the solar radiation on both hemispheres is equal. 
Climate, therefore, presents for every locality a seasonal 
maximum and minimum. If the hemispheres were identical 
as regards the distribution of land and water, solar and 
terrestrial radiation would balance each other; but the 
northern, the land hemisphere, is more rapidly heated and 
cooled than the southern or water hemisphere. The summer 
and winter temperatures of the former are, therefore, extreme ; 
of the latter, nearer the mean. The following, which shows 
also that the whole earth receives more heat in one half of 
the year than in the other, is Dove's approximate estimate :— 

N. Hemisphere. S. Hemisphere. Whole Earth 
Temperature for July, 21-6° C. (summer) 12" 0. (winter) 16-7'*C. 

Jan., 9'd>''Q' (winter) 15°2C. (summer) I2-3'Q, 
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L 835. Equivalent Periods in Botb Hemispherea. — The 

I hottest month in the N. temperate region is July ; in the auh- 

■ tropical regiona. May and July; near the etjuator, April Emd 
lAuguBt; at the equator, Mareh and September, While, 

therefoi-e, the greatest warmth of the temperate regiona, 
north and south, is aeparated by six months from the greatest 
cold, there are, nearer the equator, two warm eeaaons. As 
these two hot months corrospond to the pnasage o£ the sun 
across the equator, it follows that the interval ■which sepaxatea 
them deci'eascs towards the poles, till at last the stuonier of 
June indicates the time when the sun approaches to Terti- 
cality in the northern tempei-ato zone. From this diagi-am 

■ the student will recognise the seasonal correspondences, the 
■ituticiBod names in the inner circle giving the cold seasons at 

■ each quadrant. 

SimiHER SOLSTTCB. ^^^ 

Defimber. ^^^H 

May. Jtily. ^^^| 

ril. Angnst. ^^^| 

. Eqnitor. . . .DMfjiifier.. . . . Septombsr. 




FebruEUy. 

Janwyy. No 

December, 
WlSTER SOIOTICB. 









t. leothennal, Isotheral, Isoclieimal Lines, 
have been constructed on which the mean annual temperati 
of the earth is shown by a series of lines passing through the 
spots which have the same temperatures. But these isother- 
mal lines only give a very general idea of climato. Thus, 
of St Louis ia 12-2°0., of Algiers, IS-S"; but St 
a summer temperature of SS'S", a wintor of 0'5°; 
■whereas summer and winter in Algiers show 23-3° and 12-2°; 
it is this range of 23° in the one case, of 11° in the other, 
which characterises these two places. But St. Louis is 7" 
farther north than Algiers; New Orleans ia 2° farther south; 
the temperatures at the latter place are: mean, 20'5''C.; 
a?'?"; winter, IS-Z°. The mean docs not tell of 
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the range through 14^, nor does the difference of latitude 
account for the higher mean. 

Fully to realise all the conditions on which the climate of 
a r^on depends, would require the coihparison of daily 
thermometric readings at many points. But the broad facts 
of the distribution of temperature may be gathered from 
isotheral and isocheimal maps on which the lines of equal 
temperature for summer and winter, respectively, are recorded, 
or are still more obvious from the quarterly charts.* 

387. Continental and Insular Climates. — The influence 
of sea is well seen by the comparison of localities nearly on 
the same latitude. Thus :-^ 

Minimnm. Mazimuni. DiflT. Mean. 

! Rio Janeiro, 20°C. 261'C. CrC. 23''C. 

S*. Helena, 144° 17-7' 33 16° 

Mauritius, 23 8° 27-7*' 3 9 25° 

(Honolulu, 22-7° 261'* 41 244 

J Mexico, 12-2° 183° 61 15 

iBatavia, 255° 255° 255 

Jlima, 21° 25-5° 45 235 

( St. Petersburg, .... -72° 16-1° 233 46 

J Reykjavik, -1-6° 116° 13 6^ 

J St. Louis, 0-5° 23-8° 18 12 

( Kizeljelgah, E. Turkestan, -17° +3-8° 20*8 -7 

Nain - . . . 88° -15° 238 -36 

Fort York, Hudson*s Bay, 15 5° - 20 5° 36 - 3 

Sitka, 12-2° 122 61° 

Edinburgh, 144° 33° 111 88' 

These examples will serve to illustrate the extreme range 
of places, even on the shores of continents as compared with 
islands, on the same latitudes. The insular as compared with 
the continental climate is characterised by moderation, in 
consequence of the different specific heat of land and water 
(Art. 75). The isothermal lines show the greatest variations 
of curvature over land surfaces, least over ocean areas. 

338. Influence of Currents : East and West Shores. — 

But the Gulf Stream gives a remarkable northward convexity 
of the curves, so that the summer temperatures at sea are 
considerably to the north of their proper latitudinal position, 

• Student's Atlas of Physical Geography^ Maps X» and XL 
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IHie wintei- iaotherm of S'C. reaoliing to 58' N. lat. in tlie 
.tlantic, to 50° N. lat. in the Pacific; on the other hand, it 
vjdeBCenck l>etow 40° 14^. lat. on the Amei'ican coast. The 
current iitna iudicat«g its com'se on the surface. 
Simihirly, the aummer line of 25°C. in the southem hemi- 
Bphere ia wavy, bending northwarda with the prolongatioM 
of the Antai'Ctio drift. The eSect on the land cliiuate is 
not by radiation, but by the passage of hented air from sea 
to land. Hence the western shores of the N. Atlantic are 
colder than the eastern. The mean annual temperatm-ea of 
the following places show this; — 

Halifax, - - 4*° 39' N. , G ■2''C. Faroe lalanila, 62° 2" N., 7-rC. 
Boaton, - - 42° 21' K., 9-6'C. Dublin, - 63° 21' N., 9C'C. 
~ Iklaud iBlands, 52° S., S-a'C. Port Famine, 53° 21' S., 5-3°C, 
third line shows the tempei-ature of corresponding 
Mtithem latitudes. In the S. Atlantic the west shores are 
Rio Janeiro having a mean annual of 23° C, 
Cape Town of 17-7°. 

But the warm air is accompanied to the land by moisture, 
and this, checking radiation {Art. 265), helps to maintain 
the teni]>erature. 

339. Climate of BritiBh Isles. — The summer and winter 
temperatures of the British Isles are instructive. Through- 
out the year the source of its higher temperature, the Gnlf 
Stream, ia indicated by the direction of the isothermal lines, 
which in winter are on the whole parallel to the trend of the 
coasts, in summer run from south of west to north of east. 
Jji winter, temperatures above 4''0. are found to south and 
Ht of a line Irom the Straits i>f Dover thi-ough the Isle of 
'ight, by Bristol, to the Irish Sea. The centre of Ireland 
C, but the line of i° embraces a narrow margin 
the island on the east side, and a very broad tract of the 
uth and west. The west coast of Scotland has aa average 
a-S^C, the rest of Great Britain is 2-7°. In summer the 
.tions tire reversed; the highest temperatures are still to 
Honth-weat, but they now occupy the interior of Britain, 
id the temperature of places to lie east ia higher than that 
places to the west on the same parallel of latitude. Hence, 
'hile the difference of summer and winter temperatures at 
^w&y is 9°, ia the valloy of the Thames it is 15", On a 
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lumur scale, thcfefore, tlie east part of the area npproaclu 
tiiB contmental clmi-ftctei' of climate. TLc difl'ereace between 
east a.QJ west would be gt'eat«r, but tliiit a poi-tioa of the 
cold water atettla down an far as the west of Ii'elaud. 

340. Climate of Lake BegiosB. — Li N. America, the 
freezing of tlie lakes seema to exercise the same influence u 
if they were solid land. The isotherm of 0''C. (January), 
curves to the south of the lake area, as far as it docs over 
the arid eontinent of Asia, whei-eas in summer it retreats 
within the Arctic circle. The specific heat of water 
therefore in summer; but in winter, ice gives the same 
results OS an equal mass of land. A similar deflection of tho 
0° line is due to the Baltic Sea. 

341. Influence of Uaisli Iianl — The depth of water ia 
the lakes gives them a beneficial eflect in summer, whereas 
the evapomtion of the thin layer of water over the swampy 
grounds of Arctic America and Asia has the opposite effect, 
of keeping down the summer temperature, as did the ill- 
di'oined lauds of Britain in former times. 

342. Form of Oroimd. — A mountain range acta in two 
ways; it foi'oea the air into greater altitudes, refrigeratiott' 
being the consequence; aiid it condenses the moisture, thuB 
drying the wind. If the rarefied air descends on the other 
side it reacquires a part, but only a part, of the heat it had 
on striking the hill range, having lost a portion by radiation. 
But it has also parted with moisture; it ofiers less impedi- 
ment to radiation, and hence the diurnal range of temperature 
is greater. Thusthe Scandinavian chain separates two areas, 
of which the western shows a difierence of 18" between the 
summer and winter temperatures, whilo on the east side the 
difference is 23°. 

343. Becreose of Temperature In Altitude. — It has boen 
already stated (Art. 269) that temperature diminishes with 
height, and that the diminution ia less rapid, and less regular, 
away from mountains than in air which is in contact with 
earth. Solar radiation is more powerful at great heights, 
the air being drier, but terrestrial radiation makes up for this, 
and the nocturnal loss of beat powerfully aids the influence 

Mtft rarefaction on the air in depressing the mean temperature. 
kil44. Influenoe of Barometric Fresauie. — It e.^^^jua. 
■ ^.7 *& 
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tluit the position of lugli ^arometnc pressure strongly 
ftfleote tlia temperature of pai'ticutar regions. Eiichan 
tabuIateB the barometric preHaure over Enrope* for several 
Reajous of nnuaunl.'wurmth and colO, Btioning tLat when 
the pressure in January 1867 gifwlimUy dimiuishetl fi-ont 
30-262 inches in Iceland, to 29-60J: inches in Jersev, 
the cold was 3'5° below the average in Orkney, and 1'6 in 
Jersey, the mean temperature of Scotland being as much as 
6'!° below the average of the month. Again, in November 
1867, the pressure in Jersey was 30'273 inchce, in Iceland 
20'9S7 inches, a alight dillerence, yet the average tempent- 
ture was above that of the monUi by 5*5° at Paris, 3° at 
Orkney. Lastly, in December 1860, the barometric slope 
vma from 30'7 inches in Siberia, to 29'7 over Bi-itaia; and 
the mean temperature of eaatei'n Scotland was 15' C. below 
the average on Christmas day. The movement of the air was 
along the slopes indicated, and these ejcamples abundantly 
strengthen Buchon's appE^ ftv the wgulation of weather 
telograniH, as a. certain meiina of enabling the physician to 
take pi-ecautiona against dangers to health, as great as the 
dangers to shipping, to avert which storm waiuinga are 
issued. 

346. Stirf&ee TemperatoreB of Land and Sea. — ^Tbe 
depth to which daily variations of temperatui'e are felt 
extends, for the sea, to 100 fathoms in the Indian Ocean, 00 
fathoms in the N. Atlantic, the limit of constant temperature 
being 1700 and 1000 fathoms respectively (Art. 75). The 
curve of the snow line has already been stated (Art 207). 
The limit of constant tempei-ature of the soil is speedily 
reached. The soil can heat only by conduction downwards, 
and the imiiedimenta are such that the diurnal changes are 
probably nowhere perceptible beyoml four feet. The evapora- 
tion from different soils has already been mentioned (Art 
174). The heat of the surface also depends on the character 
of the soil, sand attaining the highest temperature, 70" in 8. 
Africa; but the Ai-abianand N. African mean ia 33' to 3B°C. 
The more compact the material, tho greater may its con- 
ductivity ha in genoro! expected to be; hence the lower 
temperature of solid rock than sand. Clays, on the other 
• Maiidbooi, pp. 129 tt seiq. 
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bitni], are BliiekleO by evt^orstion from the euii's direcst 

346. Inflnence of Vegetation, —Planta protect the soil' 
from being bighly lioated, radiation preventing the ocoiiniiJa^ 
tion of heat. On the other hand, the moisture which accom- 
panies vegetation helps to maintain a more equable, and 
therefore a. higher mean temperatui-e. 

The importaoco of forests has already been more than. 
once alliided to (Art. 60), and it is only necessary here t« 
point out tliat, as their evaporation increases the rainfall, 
find as the condensation of moisture liberates a certain 
qiiantity of heat ■which became latent on vaporization, the 
direct as well as the indirect influence of vegetation on tem- 
perature is couaiJeraljle. 

347. ChBiiges of Climate. — The investigation of tti» 
changes on the earth's surface has prepared tlie student t<» 
understand the influences by which climate may be altered 

a. Elevation or depression of a coast line may alter tli» 
direction of cun-ents. 

6. The greater or less height of a mountain chain may 
Btop or permit the passage of the winds from one basin into 
another; even the lowering of a pass ia of impoi-tanco, since 
migratory birds, though high in air, are found to follow the 
Alpine passes in their soutliwai-d flight, 

c. The deflection, of a warm or cold current, as of tbtt' 
Gulf Stream or the Labnulor curi-ent, would be produotivft 
of considerable change. 

d. The removal or the incrense of vegetation, 

e. The draining of land. 
All these are sources of slow change, and their oecturene* 

is irregular, as the movements on which chiefly they depend 
are not subject to any law, so far as is yet known. 

348. Cycles of Climate, — But the facts mentioned in the 
first chapter regarding the earth's varying distance from the 
nun, and the phenomena of precessaion and nutation, corre- 
spond to variations in the amount of heat received from the 
sun by different pai-ts of the earth's aui-face. And as tbesa 
are periodically recurrent, though the intervals may be 
afieicted by the attraction of other planetary bodies, astrono- 
micol cycles correspond by their indirect m&^xlt■aw'>«'^^ "*"'' 
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cyt'lea. tliangca of physiuil geograpliy, modificiitions of tlo i 
distribution of laud and water, may increase or dliulmsh Oie I 
tempei^ature of pttrticuki' regions, but tlicy arc Htibordinata ' 
and uncei'taiu iuiluencea comjuired witli the afitrououucal. i 

349. luflaence of £coentrioity of Earth's Orbit — Wlien 
the eccentricity of the eai-th'a orbit is at the maximum, the 
earth in aiihelion wmdd be 8,641,876 miles more distant 
from the sua than now. The two hemifipheres would have 
■very different temperatiu^s if the winter solstice of ona 
iAppened in aphelion. The northern hemisphere woidd be 
reduced by 25° C., while the southern hemisphere, the winter 
of which occurred in jierihelion, would enjoy a more equable 
climate. In consequence of the great reduction of temperature 
in the north, the thermal equator woidd be much to the south 
of its present position, the north-east trades, representing the 
return of the westerly currents arrested far to the south of 
I their present limit, would have greatly increased force, &nd, 
I crossing the earth's equator, ■would drive the warmer tropical 
* ■waters to the south, so that the equatorial drift would not 
enter the Caribbean Sea. Now, as the temperature of Soot- 
land ia 15'5''C. in excess of that proper to its latitude, the 
withdrawal of the Gulf Stream woidJ lower the temperature 
by that amount; and aa that current of wai-m water carries 
to the noilih 3234 times the heat which would be conveyed 
[ by a current of air of the same volume, the ceasation of tfiat 
' influence, and its transfer, even in a modified form, to the 
Antarctic regions, would bo of great importance. But the 
northern summer occurring in perihelion would be, at first 
eight, very warm. . It must be remembered that the winter 
cold would cause precipitation to take the form of anow, 
and the summer heat ■would he largely apetit in melting the 
winter's accumulation ; but melting leads to evaporation, 
and the fogs thua resulting atop the heat rays fi-om the sun, 
while the anew and ice reflect tiie heat raya, and, at the sama 
time, cool the air by contact. A warm summer, therefore, 
ministers to the snow and ice of the pole. The transfer. 
under the infiuence of the strong N.E. tindea, of warm water 
to the south polo, would tend to diminish the ice there, aod 
ultimi remove it. The loaa of heat by radiation into 

ej>ac^ ■nn air oA the equator suBtiunB by asceudiug 
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into higher altitudes, TnuBt also be taken into account, since 
it diminishes the influence of a warm summer. The reversal 
of the wintera, the occurrence of the northern winter in 

perihelion, would lead to a contrary condition of thingsj 
and the Oulf Stream would then have as much more heating 
power than it at present possissses in northern latitudes, as 
it had less in the case just stated. It follows from the 
relative power of warm water currents, as compared with, 
w^arm air currents, that an equatorial ocean would hava-^ 
much gi'eater power in moderating the severity of the polar. 
climate. 

350. Influence of Obliqoity of Ecliptio.— The maximum 
obliquity of the ecliptic {Art. I) would, according to Meedi'fl 
calculations, increase the amount of heat received at the iwles 
by -j^, that is, if the thermal days at the equator at presenif 
are 365-24, and at the pola 151 '69, these mimbera would be, 
at the maximum obliquity, 363'51, and lCO-04 rfcspeotively;, 
a diminution of 1-73 in the one case, an increase of 8'45 in 
the other; and this increaae of -^ would represent 
the mean annual temperature of the [xiles to the extent cf 
from 7'5° to 8'5''C., if the polar region were free of ice and 
smow; but the increase oi temperatm-e would, in reality, !» 
spent in melting part of that ice and snow, the aii' not rising 
above O^C. The conjunction of extreme eccentricity antt 
obliquity with winter in aphelion would l>e to moderate th». 
severity of the climate of that bomiapbero whoso winter^ 
occuiTed in aphelion, and to diminish the ico at the opposite ^ 
pole. But the conjunction of maxiiunm eccentricity ancL' 
niiiiimmii obliquity woidd tend to increase the cold of tha 
aphelial winter, and to diminish the warmth of that 
perihelion. 

391. Coincidence of Extreme Eccentricity and Obliquity. 
— The coincidence at remote periods, say 11,700 years ago, 
is not determinable with certainty, nor is the rate of preces- 
sion uniform so far as is known. Mr. Croll gives 11,700, 
33,300, and 61,300 years as periods when tlie winter solstico 
of the northern hemisphere was in aphelion, the intervals 
being '21,600 and 28,000 years respectively, and to this 
extent, therefore, the statement in Art. 6 must be modi&«L 
The further back calculations ate eavriei, Vae \wa csst^isia. 
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becomo the periods at which phenoineaa aws helieved to B . 
occurred, the greater the chance of perturbations faaTtD| 
interfered with the regularity of the moYementB. Ail that 
it is proposed in these paragraphs to indicate is that, L 
obedience to laws, the details of whoso operations are not 
bnown with certainty, the position of^the earth relatively to 
the sun has changed, and the temperature of the north and 
Boath hemiapheres lias varied in correspondence with this 
change, 

36S. Geological Evidence of Climatal Cycles. — Witliin 
the Arctic ciixlo the remains of plants and animals proper to 
regions now gi-eatly warmer have been found, ami, beyond 
the limits of existing species, carboniferous fossils prove 
resemblance, even identity, of forms in polar and temperate 
regions. The foi-egoing paragraphs suggest that these iacts 
are explicable by reference to astronomical movements, whose 
date we cannot, however, even approximately determine. 
The pi'esence of the elk, rhinoceros, and hippopotamus, in 
Europe, is among tho most recent paltcontological evidence 
of change of climatal conditions; wlule the boulder clay and 
striated rock surfaces bear testimony to a recent period of 
great cold in regions where formerly permian, old red, and 
Cambrian glaciers probably existed. The student will find 
the full discussion of this most interesting jiroblem in Mr. 
Croll's papers in the Reader and Philoaapkical MagcKine 
since 1864, and in Sir Charles Lyell's Principlei, vol. i 

S53. Influence of Geog:raphlcal Changes. — The position 
of the great masses of land at the polta, or ut the eqnator, is 
an impoi-tant element in the change of climate. Eq^uatorial 
land would part more rapidly with heat into the air, and 
radiation keeps the upper strata of the atmosphere cool, in 
conjunction with rarefaction. It woidd also diminish the 
area of warm water at the equator, and stop its movement 
toward the poles. An equatorial ocean and polar land ia a 
hypothetical case, the conditions of which it is not easy to 
determine; but, B«p]>osing that tho preponderance of land 
lay at the poles, and that in equatorial and temperate i-egiona 
there were still laud masses (and there is no reaafin for 
believing that land has ever ceased to exist in those regions), 
the arrangemeiits would be ^vesentiid by "Kbkh. a-tmoschenc 
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and oceanic circulation would take place as at present, though 
the details might not be identical. 

854. Weather. — The student will have seen that much 
of what has been said regarding temperature might be con- 
sidered as affecting weather, not climate, and will therefore 
be prepared to recognise climate as the mean of the weather, 
thus making both terms the symbols of different quantities 
of the same thing. 

355. Deviations from Normal Temperature. — There is 

seldom a regular gradation of temperature from the hottest 
to the coldest months, or the converse. The departures from 
a regular movement are either storms, or periods of heat and 
cold in excess of that proper to the season. Some of these 
deviations recur with great regularity, and are due to varia- 
tions in barometric pressure, such as have been already men- 
tioned, and which are probably determined by equatorial 
disturbancesof greater or less a^a. The deviations observed 
in Scotland, and some of them are also European, are as 
follows :* — 

Cold. 7-10 Feb. , 11-14 Apr. , 9-14 May, 29th Jn.-4th Jy. , 6-11 Aug. , 6-12 Nov. 
Wann, 12-15 July, 12-15 Aug., 3-9 Dec. 

366. Lunar Influence. — Popular tradition assigns great 
power to the moon, and the lower temperature, after full 
moon, has been ascribed to lunar heat dispersing clouds and 
increasing terrestrial radiation. What the lunar heat may 
be which is arrested in the atmosphere we cannot tell, but 
Zengert has shown, from a large number of observations, 
that changes in the moon's distance are really followed by 
differences of temperature. The preponderance of S. and W. 
winds in the first, and of N. and E. winds in the last half of 
the moon's revolution, is an isolated observation as yet; but 
it is worthy of inquiry whether there are not in truth atmo- 
spheric tides as there are of the ocean, movements not 
identical in kind nor coincident in time with those of the 
sea, but to which some peculiarities in the distribution of 
barometric pressure may be traced. 

867. Weather Prognostics. — ^These belong to the province 

of practical meteorology, at present an empirical branch of 
♦ Budhan, f Philosophical Haga%me, \^^%» 
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science, and likely to remain so till long time or increased 
points of observation shall yield the data on which more 
certain principles shall be established* At present the care- 
ful application of physical laws to data, comparatiyely scanty, 
has led to conclusions, the general accuracy of which is 
popularly discredited by the dishonest luse which ignorance 
and prejudice make of the failures. 



CHAPTER VIII. 

Hypogene, or Subterranean Changes — Intensity of Forces — Volcanoes 
—Structure of the Cone — Ashes in Sedimentary Deposits — Trans- 
port of Ashes : their Size and Composition — Texture and Com- 
position of Lava — Quantity of Lava poured out — Alteration of 
Cone and Crater : Course of Lava below Ground — Dormant and 
Extinct Volcanoes — Distribution of Volcanoes — Latitudinal Vol- 
canic Chains — Earthc^uakes — Earth wave Twofold — Form of 
Earthwave — Modification of the Wave Shells — Earthquake 
Wave at'Sea — Tests of Direction of Movement — Change of Surface 
— Phenomena accompanying Earthquakes — Area of Disturbance 
— Distribution of Earthquakes — Causes of Volcanoes and Earth- 
quakes — Hypothesis of connection between Sea and Volcanic 
Centres — ^Vapour and Thermal Springs — Intermission of Geysers 
— Periodicity of Earthquakes and Volcanoes — Secular Move- 
ments of the Earth's Crust. 

358. Hypogene, or Subterranean Changes. — ^Volcanic 

eruptions, earthquakes, and upward and downward move- 
ments of the earth's crust, may occur apart or in conjunction, 
or may succeed each other so as to suggest that their develop- 
ment is alternative. Their association thus rendera them 
a natural group for systematic description, if it does not 
necessarily indicate their common origin. But the operations 
to which the metamorphism of rock masses is due, whether 
they have been chemically or mechanically altered, or have 
undergone both changes simultaneously or in succession, are 
for the most part without equivalent in degree at the surface 
of the earth, though they may have representatives in kind. 
In the present imperfection of our knowledge regarding the 
chemistry of metamorphism, it is safest to keep that subject 
apart from those previously mentioned, and to disregard to 
some extent the probability of the common origin of all these 
phenomena. 

369. Intensity of Forces. — From the necessarily slow 
changes in a rock undergoing alteratioiv.— \Jdxqnx^>25i'^ ^^^i^« 
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I tious of level ■which are so gradual that oven a minute chango 
ia only iletected by compaiing the records of generations — to 
the enrthquake which niing a, region, and may have its horrois 
intonsifiod bj Himultiuieous volcanic eruption, there is a scale 
of intensity which, if estimated by work done in equal times, 
is in the order of eniimeratEon; but, if tested by the total of 
work done, the volcano ia dwarfed by the aide of the slow 
elevation. 

The volcanic outburst, it must be remembered, ia oiJy the 
List in a long series of events : it represeata the slight excess 
of force in some direction which overthrows the boJiuice and 
seta in motion operations which tend to restore equilibiioin. 
Violent as the eruption may be, it is only a, aympttira; it 
cannot be regarded as moro than a very subordinate event, 
and in speculating on the progressive diniinutioa of volcanio 
energy, it ia not the outburst but the force of which it ia the 
expression, that must engage our attention. Now, the occur- 
rence from time to time of violent events is a part of the 
doctrine of imiformity, which means identity in kind, but 

I not necessarily in dogi-ee, of the processes which have gone 
pa at all times of the earth's history. The degree may have 
ivaried, so that the intensity is greater now, or was greater 
^ the past than now. The amount of energy in the earth 
U undergoing diminution, but at what rate we cannot tell : 
H we assume that volcanic activity depends on a store of 
Biateiials, or of force which lias not been renewed, the dimi- 
nution in amount of volcanic activity is a necessary (sonse- 
quenee of the tendency to equilibrium manifested by all 
chemical change. But geology gives no reason for believing 
that there has been less activity in recent times, and furnishes 
evidence that defective observation haa exaggerated the 
intensity of the past, by masaing together events which were 
really far apart. On the other hand the conflict of opinion 
among competent chemists and physiciats, as to the conditions 
of volcanic activity, proves that speculations are far froni 
resting on a sufficiently wide induction of fiicts, and that even 
tho chemical elements of the problem are undetermined. 
360, VoIcanoBB.— In such long monntain chains as those 
■i^ America and Central Asia, numerous volcanic peaks occur 
hich were not the cause of the mountain elevation, and 
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jnay liave been developed at any period before or since the 
elevation. The most obvious phenomena connected with 
volcanic outbursts are the events which take place at and 
near the seat of eruption. The majority of the orifices by 
which material escapes from the interior of the earth's crust 
open on the siunmit of elevations of greater or less height. 
IJsually the crater of the volcano, as this aperture is de- 
nominated, opens on the top of a conical hill, more or less 
abruptly truncated, and for the most part having one side 
higher than the other, the smooth outlines of the cone con- 
trasting with those generally presented by ordinary denuded 
hills. The crater gives exit to lava, ashes, steam, sulphurous 
vapours, nitrogen, hydrogen, and hydrochloric acid. Several 
of these are present in all eruptions, but in very various 
quantities. The lava may be the principal material; in others 
no lava flows out, only ashes are driven forth, or hot water, 
sulphurous vapours, or other gaseous emanations may escape 
alone. .Lava pours out of the orifices of the crater, or, as 
very frequently happens, through apertures upon the side of 
the cone ; it flows out in a stream or coulee, which may not 
descend below the cone, or may travel down to the plain, and 
even — ^if the quantity of lava is large — ^pass for miles over 
the adjacent country. The slope, at first high, as much as 
30^, gradually becomes less as the stream approaches the low 
grounds, until it finally terminates, usually with a more or 
less vertical face. This description applies to the typical 
volcano, consisting of a cone, through which passes a single 
supply pipe. But such a simple case is of comparatively 
rare occurrence, the volcano, for the most part, presenting a 
complicated structure, due to the presence of several orifices 
more or less distinct from each other. 

861. Structure 'of the Cone. — The cone, as has been 
said, terminates the truncated extremity, and its orifice 
leads into a funnel-shaped cavity, the materials on the sides 
of which slope downwards towards the orifice of the supply 
pipe. The greater height of one side is due to the manner in 
which a cone is formed; for the volcano is not a mountain 
of elevation, it is in reality a mass which grows at the sum- 
mit. Yolcanic ashes, that is to say, the molten matter 
which is blown into a coarser or finer powder by tha f<«:Q^ oC 
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^^^ most part round the orifices, gradually pUe up a bill wbidi 
^^t hns tUe wimo typical form aa the hea]' of sand in the lloo^ 
^^P glass. If the prevalent winds have any strength, the liigt 
^" Bide of the volcano will be to the leeward, and by repeateil 
(iniptiona the height of the mass may go on steadily increu- 
ing. Its incoherent materials are liable to be euddenly rs- 
moved, ns has happened in Java, where the cone has suffered 
a diminution of 4000 feet after the close of a aeries of erup- 
tions. If 0, long period of qiiief«?eiice follows, the eono 
becomes affected by atmospheric waste ; its height ia slowly 
rednced, and ravines are furrowed out of its sides, so that, aa 
Jnnghnhn said of the Javan cones, they look like umbrellas, 
tliB ridges representing ribs, 

362. Ashm in Sedimentajy DepositB. — The ashea, how- 

kever, do not always fall in the immodiato vicinity of tSie 
raster; they may be tinnaported to a considerable distance. 
If they fall into the sea, they become incorporated with the 
■edimentary deposita there going on, which thus present 
transitiona from the purely volcanic to the purely sedimen- 
tary formationa (diagram, p. 25). Again, steam is tlie almost 
eonatant accompaniment of eruptions, and, becoming con- 
densed immediately after its ejection, Li precipitated upon the 
Burfuce of the volcano, carrying witli it tlie finer ashes, and, 
flowing down towards the lowrer groimdB in a stream of mud, 
is perhaps as destructive as a stream of molt«n lava. These 
floods, known aa moi/n in South America, form deposits which, 
if preserved by aubsequent lava flows, ofl'er a close resem- 
blance to subaqueous accnmulations. 

363. Transport of AsheB.— But the force of the eruption 
may carry the ashes into the air for a considerable dis^nce, 

L.*o that they may actually pass into the upper stratum, and 

■'be carried by the steady westerly winds. Thua, in 18IB, the 

bftshea of Sumbawa were carried to Amboyna, a distance of 

piSOO miles to the north-east; the ashes of Coseguina were 

B oai'ried to Kingston in Jamaica, a distance of TOO miles, in 

■£tur days; while the aahea of Hecla reached the Shetland 

alands, tiwisported, however, in this case, by a lower current, 

o the S.E. The quantity of this kind of material is various. 

■"Tiat it may be, however, is suggested by the fact that eight 




COMPOSITION OP LAVAS. 301 

leagues to the south of Coseguina the ashes formed a layer of 
three feet in thickness; and ashes formed the chief part of 
the material which buried Pompeii and Herculaneum. 

864. 8ize and Composition of Ashes. — ^The size of the 

ejected material varies very much : blocks as large as an ox 
have been thrown out, and, falling upon sedimentaiy strata 
in course of formation, have sunk into them. The soft layers 
are carried downwards by the weight; new lay era, as they are 
laid down, arch over the block, and thus a record is preserved 
of the periods at which eruptions may have occuned. The 
quality of the ashes varies with that of the lava in the same 
eruption; being, therefore, siliceous or basic, as will be imme- 
diately explained 

365. Texture of Lava. — The lava poured out varies in 
character, being in some cases more tenacious than in others : 
thus, Yon Buch describes the lava of 1805 as shooting down 
the cone of Vesuvius, the velocity being probably several 
hundred feet in a few seconds; but, for the most part, it is 
somewhat more viscid. Whether it overflows the lip of the 
crater, or passes out by lateral orifices on the cone, it parts 
with its heat rapidly from the surt'ace, and thus becomes 
coated with a dense layer, which gi-aduallv retards its speed. 
The vertical section of a lava flow shows that the central 
portion of the mass is more compact, while the upper and 
lower surfaces form a layer of scoriae of greater or less thick- 
ness, the included gases expanding as they approach the sur- 
face, and escaping with more or less violence at the upper 
surface, so as to give the coulee that ragged aspect which is 
preserved in some of the Auvergne outflows as freshly as if 
they had been of yesterday. Rock being a bad conductor, 
the formation of this hardened outer layer diminishes the 
speed of radiation, and thus the heat of the central mass may 
be retained for a considerable time; thus the lava of JoruUo 
retained sufficient heat after eight years to light a cigar a few 
inches below the surface. It is this incrusting of the mass 
with a solid covering which gives to the termination of the 
coulee its usually abrupt form. 

866. Composition of Lavas. — Lavas are trachytic, or 
doleritic; contain, that is to say, a larger amount of silica 
on the one hand, axid of the heavier bsisio ia^^idi^^x^^ <5{^ 
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tiie other. Tlie mean composition of the two 
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But thougli these varieties frequently occur separately, they 
are also met with in combination as a product of the same 
volcano, being either discharged by distinct orilices, or at thn 
Bome orificesat difierent periods, givingrise to alternate laycTB 
of the two species. As their specific gravity is different, that 
of trachyte being, on the average, S-6, while the dolerit*a 
are nearly 3, it liaa been suggested that they represent 
difibrent layei-a of molten material in the interior. But the 
fact of their indiscriminate occmT.'ence maJcea it more probable 
that the difference is due rather to the mode of s^regation 
from a common moss than to any original differences in the 
Bource of supply. Similarly, in one and the same oonl6e 
varieties in tlie proportions of the ingredients may be found, 
due to the gi-eater or less distinctness of the crystallization, 
or, in other words, to the greater or leas pressure to whicli 
the mass has been subjected; and the diiferences must bo 
borne in mind, as they help to explain the iinequal modifica- 
tion which lava flows have undergone. The acoriie resemble 
the slag of a glass furnace, and they may present the appear- 
ance known as ropy, if, by the onward movement of the lava, 
itiiey become twisted and cnnied forward in ciirved lines, 
■which recall the curves across the surface of a river or of a 
glacier. By the onwaid movement the gas bubbles, atriving 
to reach the surface, may be protracted bo as to present, not 
spherical, but lenticidar, cavities, or even elongated lines, a 
character of use in the more ancient lavas or ti-ap rocka, as 
enabling ns to recognise the direction in which the stream 
has moved. 

867. Quantity of Lava at one Eruption.— The total 
quantity of lava emitted at one eruption is very various ; 
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the coul^ may never pass beyond the cone, or it may, like 
that of Skaptar Jokul, Iceland, in 1783, extend over forty- 
five miles, with a varying breadth of seven to fifteen miles, 
and a depth of one to six hundred feet, a mass which, as 
Lyell calculates, would stretch from Hampstead to Gloucester. 
The quantities poured out in the older formation often cover 
an enormous area, and to a great thickness. But it is im- 
possible to recognise the i)ortions belonging to indivdual 
outflows, and the position of the crater is equally beyond our 
knowledge. 

368. Alteration of Cone and Crater. — It has been' men- 
tioned that a crater is an incoherent mass consisting wholly 
of ashes, or of lava and ashes interstratified. Such a struc- 
ture is not likely to be permanent, and it' is only very rarely 
that we find any trace of the actual crater of volcanoes which 
have, since their formation, been exposed to marine denuda- 
tion. Etna offers a grand example of this : the Val del Bove 
is excavated by atmospheric waste to a depth of 3000 feet, 
entirely out of the softer materials of many outpourings. 
The summit of Arthiu' Seat, at Edinburgh, is a fragment of 
a tertiary cone, part of the ashes being still preserved in 
place as they lay round the orifice, which is now filled by a 
plug of basalt. 

869. Course of Lava below Ground. — ^The ancient trap 

rocks give us information as to what may be called the ana- 
tomy of the volcano. The diagi*am (Art. 27) sums up that 
anatomy, and shows that between the contemporaneous and 
the so-called intrusive masses there is no distinction save 
that of position, and of such textural characters as result 
from greater or less pressure, or speed of cooling. Every 
volcano breaks through sedimentary strata; and whether 
the direction of outburst is determined by the effbi't of the 
lava to reach the surface, or the lava takes advantage of 
fissures already created (and both things may have concurred), 
it is certain that in its upward progress, more especially if 
movement be retarded at the surface by any cause, the 
force from behind will compel the molten matter to escape 
in any direction, wherever a line of weakness exists. It 
would, therefore, tend first to pass between the planes of 
stratification. The direction of the loy^^i -^ovM Xi'b ^\ft^5^^^ 
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fmtLer, hy jointa or fisstu'es ncrosa the stmlti, aiid, if it acia- , 
ally rcadietl the sm-face, its place of escape wonlil be regarded 
BS another laterul orifice. It ia this nieohauical tendency to 
take advimtage of weak points which oiiginates the many 
dykes that traverao tlie cones of most vokimoes, DenudatioiL 
makes the position of dykes obvious by wearing away the 
sedimentary ati'ata; but the ti-ap itself ia aoraetimes wasted 
BO as to leave a |Mwallel-aided gap; the projection in the 
foi-mei- case, the gap in the liitter, corresjioiid to the Scottish 
and Oiimbrian sense of the woi-d dyke, respectively. 

370. Dormant and Extinct Volcanoes.— We do not know 
if any volcano, now quiescent, is extinct in the sense 'oi final 
cessation of possible activity. Probably there is no such 
extinction any more than there ia reason to believe that a 
volcano oannot bi'eak out at a spot where such an event 
never happened before. A volcano may be quiescent for 
centuries, and its dormant state may end in a very violent and 
long-continued period of activity. We cannot even regard 
es proof oC extinction an iutei-val of, it may be, many thousand 
yeai-s, since, for aught we know, the processes which termi- 
nate in an outbui'st may be going on beneath, but do not 
make themselves manifest, either becaiise the operations are 
elow, or because their tension is relieved in other directions. 
Thus the interval between the carboniferous and the tertiary 
ei-uptions in Scotland was probably gi-eater than that between 
the tertiary and the pi-esent time. 

371. Diatrihution of Volcanoes. — The distribution of 
volcanoes over the sui'face of the earth at the present time 
presents a certain kind of system, and lines may be traced 
as mountain chains have been traced, though in the one and 
in the other case we caimot regard these lines as evidences 
of simultaneous action at all points. We ought properly to 
look upon them as a series of successive actions, which, occur- 
ring at difTerent periods, have maintained the same general 
(lirectioii. The American continent furnishes the moat con- 
tinuous lino. The continuity, taken in conjunction with the 
alternating activity of difierent points, suggests that they are 
situated over a single longitudinal fissure. Commencing at 
the south we Lave those of Fuego, the highest of which ia 
tOOO feet, and the Fatagonian volcanoes, situated about 
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54^ south latitude. In the Andes the chain extends from 
43^ to 30° lat. S., and numbers more than thirty peaks, 
Aconcagua being the highest; those of Bolivia, seven or 
eight in number, from 21^ to 15^ ; the Quito district, from 
2® lat. S. to 3^ lat. N., includes about twenty peaks, nearly 
all above 14,000 feet of elevation. About 9^ lat. N. the 
volcanoes of Central America, Mexico, and Western America 
commence ; nearly sixty are known, and several are recorded 
whose history is, however, imperfectly known. The series 
terminates in Mount St. Elias, whose height is about 18,000 
feet. The great Mexican volcano, JoruUo, is 123 miles from 
the nearest ocean, but the rest present the usual relation of 
most active volcanoes, namely, close proximity to the coast 
line. The West Indian Islands are connected with this 
great north and south line by a line passing from Quito 
through Granada. The West Indian Islands form two 
parallel chains; in the western there are ten volcanoes, 
while the eastern consists chiefly of calcareous rock. The 
American line is connected with the Asiatic by a chain 
stretching through the Aleutian Islands, of which more thaii 
twenty are volcanic, to Kamtsdiatka, which contains about 
twenty volcanoes. Southwards, the Kui*ile Islands, twelve 
of which are volcanoes, and the Japanese group, with twenty- 
five, fprm a fringe on the west shores of Asia. In the 
Philippine Islands, with about twenty volcanoes, the chain 
is traversed by a very numerous series, passing from tho 
Indian Ocean eastwards to New Guinea, through Sumatra 
and Java, each of which contains about fifty active or dor- 
mant volcanoes. The line curves away to the south-east of 
New Zealand, and nearly completes a ring round the Pacific. 
Though the general direction of the line thus traced is tole- 
rably continuous, it is probable that detailed enquiry will 
prove the existence of several distinct axes belonging to diffe- 
rent periods of activity ; but it is interesting to note that 
the two opposite shores of the Pacific manifest exactly tho 
same kind of distribution of the volcanic chain. Another 
line has been traced from the borders of China westwards 
into Asia Minor, and thence by the Mediterranean to tho 
Cape Verde Islands ; but the interruptions of this line pre- 
vent us from regarding it as ^ commou axis, It» \a ^'S'daks^ 
23 ^i 
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^^B'fliait S^miu auil the north-west of Africa form a single vol- 
^^H ctmio region, while the north-eastern comer of Aii-icu, with 
^^BAi'S'hia, is singularly free from all record even of former 
^^Bftotiyity, Isolated volcanoee occur which cannot be asso- 
^^» «iated with any of the recognised lines ; thna, in the North 
Atlantic, Jan Mayon and Iceland are sepamte centrea, though 
they may possibly be coanectcd. Passing sonthwaJYis, the 
Azores, the Cajie Yerde Islands, the siibmarine eniptiona at 
the equator, Ascension Island and Tristan d'Acimha.foiin for 
the most part perfectly isolated volcanoes, though two of 
them, the Azores and the Cape Verde group, have been held 
to belong to the Mediterranean ajcis. St Paul's Island and 
the Mauiitiits group are likewise isolated, and other volcanoes 
have been recorded still farther to the south, whose i-elations, 
however, ore absolutely unknown. The diagram on p. G6 is 
intended to show the deviation of the axial lines among the 
islands of the Pacific. The remarkable way in which they 
contrast with the lines of existing continents is of great in- 
terest in connection with the hypothesis that the Pacific and 
»part of the Indian Ocean were, since the ap]»eai'auce of man 
on the earth, the seat of a continent, that it had been so for 
long ages previously, and that Australia, New Zealand, Tas- 
mania, are the last fittgmcnts of this changing land surface 
{Art 38). 

372. Latitudinal Volcanio Chains. — The volcanoes 
hitherto spoken of are eitJier on the margins of continents, 
in chains of islands, or isolated in ocean. But the mountain 
lines aeross Asia are to some extent associated with volcanic 
phenomena, mud and vapour venta occiuring at intervala 
across tihe continent. But these are most numerous in the 
western area, near tho Ponto-Caspian area, and no octave 
volcano exists in the interior, far away &om a water area. 
The subjoined diagram, shows the relations of the leading 
mountain chains to the lines of volcanic activity, enumoi-ated 

I in last paragraph. 
S73. Earthquakes. — An eai'thquake is a vibration of the 
earth's crust, a disturbance ivhose effects are immediately 
appreciable, which is therefore connected with violence. The 
Ettovement of the surface of Vesuvius before an eruption ia 
onljr detected by Palmieri's delicate inatmmenta, but it fore- 
1 I 
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Mountain Axes of EuRorEo-AsiATic Continent. 



-^ Tyrenoea. Cantabrian Hits. Sierra Nevada, „ 

Central Ali'n. Balkan. Germaiiio Mts. 



% 



% 



X, / it 

j_g • Caucasus. Armenian Mts. Taunia. Antitanrus. g^i. 

|-? Iliodo Kiisli. Altai. Kuon Lun. Thian Shan. ^J 

I ^ Aldan Mts. Neilghenies. ^ ? 



P 3- 



S. V 



'«/■; 






Mountain Axes of America. 






V 



trs; 



t? 



e Guiana^. Triuidaii 



SOS 



PBYSICAI. CBOOBApnr. 



I tella and passes into that violent action amid wLicli eren 
■.tliundur ia uiiLeiiiiJ. 

I '374. Earthquake Wave Two-fold. —A shock of some 

■ kind is comnrmnicatcd to a mass of the eartii'a crust; it gives 

W rise to two distinct uioveinenta : 1. The shock displaces tha 

f particles rel&tivelj to each otlier, at the point of impact, and 

' tins displacement tends to ti-avel in a atniight line. 2. From 

( the point of shock a wave of elastic compression travels for- 

I varda at right angles to the line of shock. The latter trareli 

1 more rapidly than the fonncr. In the CjJabrian earthquake, 

[ Mr. Mallet found that the rates wore 769 : 13 in feet pec 

m .Becond. Reverting to the definition of a wave given in Art. 

I 38, the student will see that tha transmission of tha vxtve- 

mjorm, each particle returning to ite place, must be mora 

K lapid than lie propagation of motion in which each particle 

r displaces that which precedes it. Standing on the shore on 

a calm day when steamers are passing at various distances, it 

will be seen that each steamer causes two seta of waves to 

break, the one later than the other, by an interval which w 

directly as the distance of the steamer. The firet waves are 

those of elastic compression, which are converted into movc- 

menta of traoslatioa against the shore; the second, more 

powerful, are the waves of displacement. 

875. Form of Eflrtll Wave. — An upward blow on the 
I earth's crust tends to travel vertically upwards, and this, the 
seismic vertical, produces at the surface a vertical displace- 
ment upwards and downwards; but from the point of shock 
I other waves reach the surface at angles which gradually 
I increase with distance, the tendency to horizontality of the 



I consequent movement likewise 
) at the sui'face of the ground, the li 
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vertical. If B is the point of im]iiilae, lines Bl, E2, 
represent the increasing angles of emergence; the intensity 
of the shook is inverse to the angle, and the tendency to 
\ horizontality inci-eases till the line of shock is at right angles 
ertical. If the disturbed medium were homogeneous, 
I points 11, 2 2, 3 3, which are the coaeismic points, 



eabTb<5uake wave at sea. 30ft" 

«oulcl be 111 the cu-cumfai'eiice of circlea; and the 
emergence would be equal all i-oiuid the aoiamic verti- 
cal as a centre. The wftvea would thus form conical shells. 
The deeper the point of shock, as at A, the neuter the 
angle of emergence, Al, A2, etc., to start ■with, and the 
wider the area over which the conoontrio sheila would extend. 
It ia obvious that, though tho eensationa of an observer 
suggest that the ground undulatea from the point C out- 
wards, the undulation is in reality mado up of a eeries of 
movements at many conaeoutive poiate of tho auifaoe, and 
each of these starts iudeiiendently from A or B. If, tliere- 
fore, the direction of movement at 1, 2, 3, could bo ascer- 
tained, the depth of the iwint of shock might bo calculated^ 
This ia the suhGtance of Mi-. MttUet's teaching, and the peruaali 
of Lia reports to the British Association will repay t' 
student who desires to follow tlie application of mechanic 
principles to natural ]>henomena. 

376. Modifications of the Wave Shells.— But the medium' 
is not homogenous : it consists of layers of difl'erent textura, 
density, and thickness; and as the earth wave, like otJier 
waves, is due to reflection and refraction, the figure which 
the coseismal points would describe on the surface must 
vary. In the foregoing diagram, the lines lAl, 2A2, repro- 
Bent inverted cones, with a circular base on tho surface of 
the ground, but by such inequalities of movement as have 
beea suggested, the circle may become an ellipse, or some 
still more irregular figure. A fault line in acdinientary 
strata has its direction altei-ed in passing through layers of 
difi'eront density, as the ray of light is deflected in passing 
from air to water; and the earth wave undei^oea the same 
change of direction, so that the ai-ea at the surface, bounded 
by any set of coseismal points, may be smaller or larger 
than it should be wei-e the angle of emergence, proper to 
the distance of these points from the vertical, at ibs nonnal 
value. 

377. Earthquake Wave at Sea. — Though tliese move- 
ments at sea are not registrable like those on land, it ia 
obvious that, after the earth wave is commimicatcd to the 
water, its behaviour will be more regular in the homogeneous 
fluid, and the niovement? already \ivoiuwi V'ii "licKS^-s^&fcj 
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nequfll speed. The wave of translation thrown on thft 
land, always a powerful agent of destruction, depends tat 
its power on one or two conditiona. Thus the horizontal 
tendency increases from tho scisraic Tertical to a certain 
point, whose distance depends on the depth below ground <d 
the shock, diminisliing thereafter. If it strikes on a, alidV' 
ing ehore, it gathers strength as it advances, in tiie eaxm 
way as the tidal wave under similar circumstances. 

378. Testa of the Direction of Movement. — ^As the plane 
of the wave tends to coincide with that of the oaiirL's suriace, 
its effect on buildings vaiica. The less t]ic angle of emei^nee, 
tho greater is the intensity, and the more of the vertical 
height of a pillar or building which shares in the horizontd 
movement. Hence, near the vertical, a pillar of six feet high 
will be thrown forwards ; at a greater distance the base will 
be shifted forwards, but the inertia of the upper part will 
make it fall behind, as a man falls when a caiTiage suddenly 
moves, A wall running in the dh'eiition of the wave is 
fissiu^d at right angles to its plane, so that if the wall and 
the wave are, say, in a plane from E. to "W., the fissure will 
be oblicjue from, ahove downwards, from W. to E. 

The twisting of spii'es seems dae to the reflection of the 
wave, and to be the joint product of tho first and second 
movements already mentioned. 

Fissures of the ground take place in very irreg\dar fashion, 
wther at right angles to the line of shock, or i-adial, as if 
Torticose movements had occurred. 

379. Changes of Bnrface.— These fissures may be tempo- 
rary or permanent; in the latter case they sometimes become 
the seat of mud or other spiings. The permanent elevation 
of coast lines, as Chili and north Australia, and tho conver- 
sion of valleys into closed basins, as has prohably occurred in 
the Andes, are interesting as connecting these sudden violent 
disturbances with the more gentle movements of elevation 
and subsidence. Equally interesting is the foi-mation of 
lakes, as in the Sunken Country of the Missouri in 1813. 

380. Fbenomena Accompanying Earthquakes. — Ths 
phenomena accompanying earthquakes are, as Mi-. Mallet 
" ims them up — 1, Tho great earthquake wave j 2, the wave 

'hidi ia formed by the vertical di^Vacauaflnt of the ocean 
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floor, Snd the consequent overflow, in all directions, of the 
water thus elevated; 3, the wave of sound through the 
earth, which may or may not precede that of the shock; 4^ 
the wave of sound transmitted through the air or sea; 5j 
the great wave of translation which represents, in the sea, 
the displacement effected by the emergent movements of land. 

881. Area of Disturbance. — ^The area over which earth- 
quake movements are felt is often considerable; but an uncer- 
tainty prevails when very great distances are alleged to bo 
included under one movement, more especially when sea 
intervenes between the different points affected; for wo 
cannot be sure that there have not been intermediate points 
of -disturbance which have escaped observation, while their 
results seem to carry forward the one recorded event. 

882. Distribution of Earthquakes. — The earthquake areas 
on the surface of the globe correspond generally to the vol- 
canic districts; and it is noteworthy that, for example in 
the case of the Mediterranean, disturbances extend upon 
either side of the long axis which passes through that 
region, the phenomena showing, at least northwards, where 
they have been best observed, gradual diminution of intensity. 
Beyond the Alps tremors are experienced even as far as the 
British Islands; and the considerable disturbance which co- 
incided with the great earthquake of Lisbon in 1755, was 
looked upon as proof of the extent to which that shock 
reached. It is possible, however, that the tremor in Scot- 
land was a simultaneous — one might call it a sympathetic — 
disturbance, due to alterations in the subterranean cavities 
consequent upon the great change to the south. The process, 
whatever it was, which overthrew Lisbon, probably disturbed 
the relations of the fluid cavities which, as has been already 
stated, are believed by Sir William Thomson to exist. 

383. Causes of Volcanoes and Earthquakes. — ^The belief 

in the common origin of earthquakes and volcanoes rests 
upon the very frequent coincidence of earthquake movements 
with volcanic outbursts; and probably no great developments 
of the latter ever take place without very important develop- 
ments of the former. In the Mediterranean area a remarkable 
alternation has been observed between the volcanic eruptions 
of the Archipelago and the earthcjjmk^^ o€ Bysi\s^% ^xA^W 
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Lfftme relation ia believed to exist between lacliifl and VraO- 

These alternations are similar to those whereby tho 

r volcanoes of the great American chain have their mftxLnmm 

'intensities at difi'erent periods, and it ia possible to explun 

the phenomena by refci-ence to the exiateute of subterranean 

luva, liikes. 

384. Hypothesis of Connection between Sea and Vol- 
canic Centres. — It hi\s been already more than once remarked 
that the majority of volcanoes are in the vicinity of the 
ocean, Jorullo, in Mexico, being but an apparent exception, 
einee it aeeuia to be a member of a chain, the great part of 
wbich ia certainly close to the shoi'e. The volcauoea ia 
the Caucasus are distant indeed from the ocean, but close to 
tUo borders of the Caspian Sea. The constancy of tiiia rela- 
tion has suggested the probability of water being tho principal 
agent by which volcanic activity is called into operation. 
The passage of water downwards into the volcanic foci, seems 
to have the effect of calling into fresh activity those chemical 
changes by which heat is evolved, and, as a consequence, the 
expansive power of vapours is increased, and even the solids 
themselves come to occupy a larger cubic space. Comtooa 
■ Bait has been obtained from the fumes of Vesuvius — is 
e\'en thickly dejiosited with other chlorides after eruptions. 
Hydrogen is known to escape from volcanoes, although ito 
flame is not readily detected amidst the more powerful light 
of red-hot cinders. In its dischai^ and conversion into 
water when bm'nt in the open air, we find one explanation 
at least of the steam which constantly occTtrs in eruptions. 
The absence of magnesia, which seems a difficulty in the way 
of this theoiy, is explicable by the circiunstance that the 
chloride of magnesium ia decomposed into hydrochloric acid 
, and magnesia, tho latter coming to form, a very important 
I constituent of lava (Art. 366), That materials from tha 
rtiie surface have been introduced is well known from tho 
t'fect that Vesuvius has ejected, fi-om time to time, infusorinl 
gst the ash, these animal remains having obviously 
fcieached the interior by fissures of some sort. It is not 
Tnnite so easy to underatand the boiu;co of the nitrogen which 
ohtained from the craters of active volcanoes, and is 
ftssrved in the waters of thermal spring!. Perhaps tlie 
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Only plausible explanation of its occurrence is that, as tlie 
columns of molten matter and of heated water surge upwards 
and downwards in the supply pipe, the vacuum created by 
their sudden retirement becomes filled with air, which ulti- 
mately reaches the interior. It is not altogether out of 
place to recall the suggestion put forward by Sir Charles 
Lyell, that the loss of heat which the earth is known to 
sustain may be replaced in some measure by electro-magnetic 
force from the sun. It is defended by him on the ground 
that, although it may appear like an attempt to establish 
perpetual motion, our knowledge does not yet permit us to 
be content with an epigrammatic condemnation of the sugges- 
tion, since farther knowledge might prove the possibility of 
the hypothesis, just as observation has established the unex- 
pected fact that the radiation of heat is retarded by atmo- 
spheric moisture. It must of course be remembered that 
the tendency of all chemical change is towards equilibrium, 
and that equilibrium must ultimately be aiTived at, further 
change being thereafter impossible without the introduction 
of fresh material, or the disruptive action of some force 
different in its manifestations from that of ordinary chemical 
combination. The only question of any importance is as to 
the rate at which we are tending towards equilibrium, as 
to the rate therefore at which it is probable physical and 
organic changes went on in the past; and on this problem 
we are scarcely yet in a condition to speculate profitably. 

886. Vapour and Thermal Springs. — It has been men- 
tioned that some volcanoes, as those of the Andes, emit lava 
comparatively rarely, and chiefly give escape to ashes and 
vapours. One step more brings us to those orifices from 
which steam alone, or hot water alone, or gaseous vapours 
alone are discharged, a solid material, even in the form of 
fine ashes, never accompanying the emission. To this group 
belong the geysers, or hot springs of Iceland, of the extinct 
volcano of Ischia, of the island of St. Paul's, and many other 
localities which are obviously directly associated with volcanic 
activity, either in the past or the present; second, the solfa- 
taras, from which sulphurous vapours alone are emitted, these 
being either on the volcanic cone or near it, or, as sometimes 
happens^ at considerable distances iroTCL ^x^\»^x^ ^^"Cx^^^ <3^ 
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extiact; tbiixl, fumarolea, from ■which borncic acid is ] 
darged; fourth, naphtha; or, fifth, carbonic acid vapoiir. 
flie aamo category belong the sulphurous, ailiceous, and gyp- 
seous apringa in varioua regions, as in YeUowatone Paii 
(Art. 160), Sa,TOy, and Germany, where, at leaat -within 
recent geolt^cal timee, no volcanic activity has been raani- 
fbated. Chemically, the substances found in these springs 
iftnd lakes ai-o ideirtical with those obtained from volcanoes; 
and although it might be difficult to establish by direct proof 
ihe actual connection between all these kinds of phenomena, 
etiU the probabilities are in fiivour of, at least, the coiamunity 
of their origin. 

386- IntermiBsion of Geysers. — A very interesting physi- 
cal problem is associated with tbe intermittenco of the Ice- 
landic geysei'S.and Tj-ndall bas given a satisfactory explanation 
of it, and an illustration by a simple estperiment. He carried 
down a metal tube fixim the centre of a baain full of water, 
and surrounded the bottom of the tube, as well as a part of 
its length, with a ring of fire. The water being thus sub- 
jected to a considerable heat at two points, he procured 
eruptions of hot water and steam at irregular intei'vals of five 
minutes; for the water at the bottom, becoming heated, ex- 
panded and lifted the water above it for a certain distance. 
Itelievcd to some extent of pressure, and its boiling point 
thus lowered {aa in passing from thiiiy-eight to thirty-two 
feet), it expanded into steam, and the heat evolved in the 
process generating ateam in the mass beneath, the whole 
suddenly bui'st into ebullition and propelled the superincum- 
bent mass out of the tube. It fell back chilled into the 
basin, descended again into the tube, and the process went 
on again until the temperature of the whole mass was suffici- 
ently raised to permit of another explosion. The application 
of tiiis experiment to the geysers relieves ua of the necessity of 
imagining imderground caverns containing water and steam, 
and i-estiicts the mechanical production of the phenomena to 
the heating of the fissure through which the spring rises. In 
the subjoined table the boiling temperatures are those at 
^hich water should boil at that depth and pressure : the ob- 
served temperatures are the actual ones ascertained by Bun- 
the tube of the great geyser, and these are below the 
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boiling point j it is obvious that the water must be raised in 
the tube before it can pass into steam. 

Obserred TemperaturB. < Feet. Boiling Temperature. 

85-5° C. 6 107" C. 

IIO** 22 116* 

32 120-8*' 

121-8' 38 123-8' 

124" 50 130" 

126** 64 136 

Of the ejffects produced by these and other springs, which 
contribute solid matter to the sedimentary strata, enough has 
been said in a previous chapter when treating of springs. 

387. Periodicity of Earthquakes and Volcanoes. — It 

only remains to speak of the periodicity which, it is alleged, 
may be observed in earthquake and volcanic phenomena. That 
tolerably equal intervals have been noted, as the thirteen 
year periods of Icelandic disturbances, is true; but the raiity 
of such observations, when taken in conjunction with the much 
better observed irregularity of the events in other regions, 
makes it probable that the supposed periodicity rests upon 
coincidences. The history of Vesuvius, as given by Professor 
Phillips, and of Etna, does not bgar out any periodicity of 
either, or even any regularity of their alternations. Only 
one observation seems to suggest- the possibility of external 
influences securing regularity in the phenomena, namely, that 
the great majority of volcanic eruptions have taken place in 
winter. M. Perrey believes that there is a greater amount of 
activity when the moon is nearest the earth, and when the 
earth is in perihelion. If a sufficient number of observations, 
sufficiently authenticated, should confirm this suggestion, a 
certain amount of periodicity might be traceable to these 
astronomical influences; but in the meantime the data are 
insufficient to warrant the general conclusion, which is 
scarcely reconcilable with the teaching of physicists regard- 
ing the efiects of tides in the earth's interior. 

388. Secular Movements of the Earth's Crust. — ^Inti- 
mately associated with this subject is that of slow elevations 
and subsidences. It is known that rocks undergo a certain 
change of dimension in passing from the fluid to the solid 
state. The estimates of the amount of this change vary 
considerabJj; thus Bischof s calc^dafcioiia Tc^aka S5^ ■^iis^'^ifit 
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fliat granite suffers a dimimition in volume of twenty-fiva 
jier cent, in passing from the fluid to the ciyatalline con- 
dition, while Delesse calculates that the contraction is only 
nine to ten per cent. These materiala, however, occupy a 
comparatively small part of the earth's crust, ■while tlie sand- 
stone, npon which extensive ohservations have been made, ars 
wore important as regards their mass, and, therefore, as re- 
gards the influence they may perchance have. Lyell calcu- 
lates that, accoi-ding to the data given by the ezperimonts of 
Totten on bnilding stones, a masa of sandstone a mile in 
tlilckneas would, if raised to a temperature of 93'3° C, lift 
the rock above to a height of ten feet, while the teating of 
a mass fifty miles in thickness to a temperature of 315" or 
420° might yield an elevation of 1000 or 1500 feet, the sub- 
sequent cooling producing a corresponding amount of depres- 
sion. The contraction, again, of clay rocks under the influence 
of high temperature might yield subsidence. Taking this in 
conjunction with the supposed falling in of the roofs of sub- 
terranean chambers, we have, in the volcanic foci, an adequate 
cause at once for tlie violent and the slower vaiiations of level 
at the surface; while, as has already been siiggested, the per- 
, eolations of springs below ground may likewise, by the removal 
of soluble rocks, lead to depressions on the smaller scale. 

It is alleged that the globe is still undergoing contraction, 
and that the elevation of mountain chains is attributable to 
this cause, which also takes share in the production of vol- 
canic outbursts. But it is difficult to adopt this view, for 
we have abundant evidence of repeated elevations and aub- 
Bidenoes in the same area at very ditferent periods, and to 
very unequal amounts. Africa, though a, continent for an 
iumiense period, has no great mountain chains such as this 
theory would require, and some of the oldest mountain chains 
have not that enormous height which their antiquity might 
be expected to involve, while the highest chains are those of 
most recent date. It must on the other hand be remembered 
that the great ocean basins are of great antiquity, and that, 
while subordinate movements have occurred in abundance, 
the geological record only tells of one grand alternation, ' ' ' 
whereby the Atlantic and Pacific, once land, have become 
while land has taken the place of the fonuev great (weauaJ 
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Indian; Aultndian; faliearctic — Common Cbaracter o 
tropical, Ethiopian, Indian, and Anatnilian ProvincBs — Ana- 
logons cr Kepreaentative Forms — Migration of i^pccies and Ex- 
tetuiion of Area— I)«eu]ts of Migration — Natural and Artifil^lal 
Selection: Survival of Fittest-— Variations : How Beneficial — 
Mimiaiy : Protectivo and Independent Eesemblanoes— Eepro- 
■entative Species— Dangers Incident to Migration — Talmlar View 
«t Oraanio World — Homotaxis — Insular Faunas and Floras — - 
H;fpotlie8iB of Lost Continents — Marina Provincea : N. Atlantic; 
Caribbean; Indo- Pacific ; Auatralian; Western S. America — 
FeloKic Forma — Deep-sea Faunas — Continuity of the Crutaouoiis 
£poch — Kxtctision and Roplacemeiit of Species — Persistent Types 
— SrogresaivB Development. 

S89. Fauna and Floia: Aspect of Life.— -The animals 
^vhicli iiihubit any area constitute its fauna; the plants con- 
stitute its flora : and these terms are equally applicable to 
the iithabitants of contiguoua or of distant areas. They are, 
in fact, quantitative terms, while the qualitative compariaciu 
of these faunas and flonm shows that there are diflerences 
■which give to each fauna and flora its aspect ov/acies. The 
aspects may be identical in closely-contiguous areas, utterly 
unlike when distant areas under dissimilar conditions are 
compared, or representative of each other in the case of dis- 
tant localities under similar conditions. It has already been 
^^ted that the provinces of the eiirth at the present day are 
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provmcea o 
fauiiaa and flor.is of tiie past with those al 
the present shows that tho phints and animals of the present 
riare very closely allied to, if not identical with, those which 
flottrished in the most recent times over the same area; that 
the difference between the existing and former faunas and 
floras increases the further back we 'go, and that the organio 
forms in one locality at one period frequently strongly re- 
semble those of another locality at another i)eriod, 

390. Relation of Existing to Former PaunaB and Florae. 
-The fact that the most recent fossils are of the same genera, 

or even species, as the Jiving beings is clearest where, as in 
South America and Australia, tho characteristic forma are 
wstricted witbin narrower limits. The gravel and cave bones 
jire of marsupials in the one case, of sloths or their allies in 
the other; but equally good, thoxigh less-strikiag, examples 
are to be foiind in every country. Tflie wealden fauna and flora 
are very unlike those of Eui-ope nowj but there are points 
Of reaerablanco to those of Australia; and it may be said, in 
general terms, that the mesozoio animals have an aspect to 
which at the present time the Australian area offei^ the 
only resemblance. Principal Dawson has shown that the 
pre-carboaiferouB flora of N. America has greater affinity to 
the secondary flora of Europe than to the oarboniferoua or 
subsequent floras of America. But it must be remembered 
that in plants the non-preservation of the parts essential for 
Bafe daasificiition, these being usually of very soft' tissues, 
places great diificulty in the way of this systematiat, and 
renders his conclusions imperfect and insecure. 

391. Aspsot or Facies of a^Begion : How Determined. — 
IVom what has been said in earlier chapters it is plain that 
the modifications in texture or composition of rocka must be 
great before they can give rise to marked differences between 
two countries which have been subjected to precisely similar 
influences. The physical aaiiect, therefore, results from a 
smaller number of factors than the organic. But while the 
practised eye may gather the main points in the geological 
history of a eountiy during a rapid visit, general impressions 
do not count for much as regards the life of a country, 
"'brilliant descriptions of tropical vegetation, after all, teach 
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little except the well-known fact that groat heat favours 
another kind of vegetation than that found in tempei^ate or, 
still more, in cold regions; or the generalization may be 
extended to this, that endogenous plants are more prominent 
than exogenous in the tropics. But if by facies or aspect 
is meant, not the obvious features merely, but those which 
give individuality to particular regions, we find that here, as 
in the domain of physics, some standard more reliable than 
that of the senses must be appealed to. The following table, 
given by Pokomy, showia how changing is the statistical guide, 
even in the case of plants, which are, in one way, more easily 
obtained and enumerated than animals : — 

linnseus enumerated in 1764, about 7728 species 
Persoon „ ' 1801, ,, 21,000 „ 

Sprengel „ 1828, „ 36,000 

Stendel „ i840, „ 87,000 

Unger „ 1852 „ 92,66? 

In 1859, the number of species was variously estimated, 
according to Hooker, at 80,000, and 150,000 according to 
the opinion of the systematist as to what constitutes a species. 
And this source of difficulty increases with the number of 
new forms observed in new localities explored. 

But these numbers do not, after all, represent a fair sum- 
mary of the whole earth. Some regions are as little known 
as others have been exhaustively investigated; and this is 
still more true for the animal kingdom. The lists of fossils, 
necessarily incomplete for any region, since we have not 
exhausted, and never shall exhaust, the contents of its rocks, 
are for most countries fragmentary, while in many the explo- 
ration can scarcely be said to have commenced. If, therefore, 
the aspect of the life of any region at any period helps us to 
trace out its geographical histoiy, we must qualify our con- 
clusions by the recollection of our imperfect Imowledge, and, 
setting aside our impressions, trust only to careful enumera- 
tions of all the species that have been recorded. It is a 
common impression that a group of animals tells by simple 
inspection its native place : but, in reality, the judgment is 
based, not on the impression conveyed by the whole, but on 
the rapid recognition of the individual species which mak^ 
up the group. 
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392. Laws of Bistribution.— The facta as to t , ^^^ 
»r absence, the luxuriance or inaigiiificance, of ejieciea, gen«rSji' ' 
gr families, in particular regions, and the conditions of tem- 
perature and the like wLicli these regions present, have been 
embodied in propositions which are spoken of as tbe laws of 
distribution. The phrase is an unfortunate one, since it 
Buggosts too great a value for the results of expeiience in 
this branch of science. All laws are, in one seuae, the fruit 
of eicperience, and their experimental verification is tbe teat 
J of their scientific value, for they can be received as laws only 
I if they enable us to announce what is pa&t, and to anticipata 
\ the future. The law of the attraction of bodies is so exact 
I. as to lead to the recognition of the exsist«nce of planets, 
r Iwfore they have been seen, the influence of gravitation beiiig 
I determinable at any point in the orbit of a pliinet. The 
mechanical theory of heat enabled James Thomson and 
Magnus to arrive simultaneously at the canclasion that the 
freezing point might be lowered by pressure, and the experi' 
mental verification of this opinion proved it to be an accurate 
deduction from an esact generalization, a law in the scientific 
sense of the word. The constant sequence of phenomena in 
these t'A'o cases ia, so far as our knowledge and experiments 
go, nninterrupted ; but the necessary connection between 
the antecedents and consequents in any pLenomenon, that 
I peculiarity of the things which makes their relation to othets 
' not merely invariable but inevitable, it is impossible for ns 
to ascertain. But while the phenomena of the inoipuiio 
world manifest the nearest approach to absolute certainty 
with which experience makes us acquainted, those of the 
I -oi^anic world display an imcertainty which increases with 
their complexity, or, to use more precise language, their 
sequence is obscured by the number of contending influences. 
There is no law operative in the inorganic world which is 
'not also o])erative in the organic; but as the tissues which 
make «p an organised body are multiplied, their propoi-tions 

kvary, and the preponderance of particiUar parts undetgoos 
change. Hence tiie sequence of phenomena, which by 
tmalogy we are assnred must be normal, is concealed, because 
We cannot isolate events. Our estimates, thei-efore, of the 
powei- of any one kin4 of influence on an oi^gsmised body. 
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are only reliable in proportion to the mimber of instances on 
vbicit tliey are based; for it is only by multiplying the cases 
that we can diminish the chances of ei-ror. The theoiy of 
probabilities teachea that a certain event must i-ecur iu a 
certain number of trials, ■when we know the number of con- 
tingencies upon which it depeiidBj but in the organic world 
the uumtier of contingencies is uot and cannot be known^ 
BO that a generalization based on 1000 instances niny be at 
Tariance with the next instance, the details of which ara| 
unknown and cannot be foreseen. And if this is true for any! 
one phyaiologieai process, the results of which are compared' 
in 1000 individuals, it must be tnie also for the sum of the 
processes which take place in 1000 individuals. The external 
influences to which organic beings ai'e Buhjected are com- 
paratively few in number and kind; but the internal modi- 
fying influences are indefinite in number and variable in kind. 
In previous chapters it has been shown that these external 
influences are perpetually changing ; the multiplication of 
instances, therefore, is of itself apt to nudtiply the chances of 
error, ainoe, if they ore taken over a wide lange in space or 
in time, the introduction of new influences is more probable. 
Now, as plants and animals are in themselves thus variable, 
and as the external influences are likewise liable' to change, 
any general pi-oposition r^arding the distribution of organic 
beings is ti'ue only for the cases that have been observed. 
It is not, and cannot be, a law, as that word has already been 
defined, for it cannot make us sure that the like has 
hap])ened in the past or will in tlie future. The distribu- 
tion of the elephant at the pi'esent time woulil not lead \\a 
to expect that the remains of any member of that genua 
should be found in Britain or Siberia, still less would the 
characters of existing genem have led us to believe that any 
membei-a of the family had been protected by a hairy cover- 
ing. If it is impossible to assign a higher value than that of 
a careful summary of facts to the i-eaulta of our comparison 
of many individuals, or gi-oups of individuals, i.e., claasifica- 
tiona, it is still leas possible to attach gi'eater importance to 
the results of comparison of the faunas and floras of diflerenfe' 
regions, i.e., botanical and zoological geography. The ftnta« 
cedents in many cases are connected with the conaequenta in.. 
23 
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■jiich it ia impoaaible for tis to imderatand; tlrna ne 
Bay that increase or dimiimtion of temperature has driven out 
the animftls of a region, but ive cannot franie an explanatum 
of tlie way in which heat or cold affects an animal or vege- 
table, BO that the difference of a few degrees in the ann^ 
average may render a country favoui-able to it, or the revenie. 

893. NoD-coincidencG of Botanical and Zoological Pro- 
vinces. — Botanical and zoological geography do not coincide: 
the natural provinces of the one or other kind of life havfl 
different limits and centres, aa might be expected, when vt 
consider their different physiological endowments and en*- 
ceptibility to external influence. 

394. Aquatic and Ssb&grial Provisoes. — The most 
obvious distinction of distributional areas is that of aquatio 
and BubaCrL-vl, and the aquatic forma are restricted to fresh 
or salt water, to lakes or ilvera. But the difference between 
gills and lungs ia more of form than essence : in the one case 
the oxygen is held in suspension in the water; in the other 
it is in maas in the atmosphere. The distinction between 
aquatic and Bubai^i'ial animals, though greater than that 
between aquatic and subaeiial plants, is aflier all less than is 
commonly supposed; for in both cases the gas passes through 
membrane to reach the circulBtiug blood, and the temperaturo 
of the animal is in proportion to the amount of air absorbed, 
which is least where the water flows over the membranous 
projections covering blood-vessels, and increasingly greater 
where the air is received into membranous sacs, on the out- 
side of which the vessels are distributed. The possession of 
gills is permanent or temporary in the life of the individnal; 
thus the flsh is aqnatto throughout life, but in the gronps of 
amphibians some retain gills permanently, others speedly 
lose the gills and acquii-e lung aacs; while in a third group 
both organs are present, and are alternately used as the 



395. Climate.— If vital phenomena were as limited in 
their range as are inorganic, or, in common phrase, physical 
processes, the iaothemial lines might be expected to eorre- 
Lore or leas closely to the limits of hii'ger or smaller 
The correspondence ia, however, not veiy exact, 
inco physical featui'es, affecting atmospheric and oceaiuo 
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currents, cause local variations from the normal temperature, 
or that proper to the latitude; but more striking is the want 
of correspondence when the seasonal temperatures are con- 
sidered in place of the mean annual temperatures. Thus the 
annual migrations of birds, as of the swallows from the south, 
the fieldfares from the north, into our own area, are examples 
of the uncertain limits which average temperature imposes 
on distribution. But, besides these extreme cases, inspec- 
tion of the maps of distribution shows that the same species 
may have very wide limits, passing through several zones of 
temperature; thus the bison and Virginian opossum range 
from Canada to the Mexican Gulf. The tailless hare and 
the tiger extend from about 55° N. lat. as far south as Java, 
but their range to east and west is restricted. This absence 
of animals from adjacent regions under the same conditions 
is one of the reasons for assigning to climate a subordinate 
influence in distribution. 

896. Parallel fiegions in Latitude and Altitude. — 
Ascending a mountain under the equator brings the traveller 
into successive belts of temperature, which repeat the expe^ 
rience of one passing towards the poles, and as each zone in 
latitude has a characteristic aspect of life, so have the corre- 
sponding belts in altitude; the snow line is the limit of 
abundant life in both cases. The following are the zones of 
distribution of plants useful tp man;* — 



Zona 

Tropical, . • . . | 

Subtropical or warm 
temperate, 

Temperate, . . 



Approximate Latitudes. 



Characteristics. 



Qo ±^ 23° 30' } ■^^^®» maize, palms, spices, 
I sugar. 

23^ 30' to 45» ^f** *?^ tropical grains. 
} Olive, fiff, grape, citron. 

1 Wheat and northern grains. 
Orchard fruits, deciduous 
leaved trees. 
Northern grains. Berries, 
pines. 
66° 30' to 90° Saxifrage, mosses, lichens. 

The eight zones tabulated by Meyen give imdue import- 
ance to mere temperature, and are therefore artificial in their 
construction, as well as arbitrary in their grouping, of the 
plants in each, The zones in altitude corresponding to these 

* Yeats. 



Subarctic, 
Arctic, 



I 
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horizontal ai-eaa are shown on the 6gure, Student's Physkai 
Utias, Map XVIIL, and their temperate limits are better 
founded. They are, in aacendiug order, the regions of— 
(I), bananas and pdms on the low gi-ounda; (2), tree-fems 
and figs, up to 2020 ft ; (3), of niyrtlea and laurela, 4050 ft. ; 
(4), of evergreen dicotyledonous trees, 6120 ft.; (5), of 
European dicotyledonous ti-ees, 8100 ft. ; (6), of pines, 10,140 
ft.; (7), of rhododendrons, 12,160 ft.; (8), of Alpine plants, 
14,170 ft.; (9), the planUesa region, commencing with tiie 
«now line, 1 6,200 ft. The ooirespondence of theao two tin<U 
of zones is not, of coui'se, exact ; l>ut the ag;reement is in 
keeping with what hns been already said (Art. 207) of the 
eheils of temperatni'e with which the earth may be regarded 
as surrounded. 

397. Marina Provinces: Bathymetrical Zones.— The 
areas of distribution in the aea are less distinct in climatal 
demarcation than those of land, the temperature being more 
nniform. The belts distinuished by Professor E. Forbes are, 
therefore, purely topographical, and approximately correct 
for every region, representatiTe forms occupying correspond- 
ing positions. The five bathymctrical areas are : 1. The 
littol^Ell zone, between tide marks, or at the water's edge in 
tidelesa seas. 2. The circum-littoral zone, from low tide to 
15 fathoms. 3. The median zone, from 15 to 50 fathoms. 
4, The infi'a-median, from 50 to 100 fathoms. 5. The 
abyssal zone, from 100 fathoms downwaixls. Since it ia now 
known that life descends to the bottom of the ocean, the 
fifth zone may yet be subdivided, but the data are in the 
meanwhile imperfect. 

398. Provinces Determined by Physical Conditions.^ 
The influence of temperatui-e ia controlled by tiie physical 
features of the land above and below water. A mountain 
ehain, such as the Andes, is an insuperable barrier to the 
passage of plants or animals. The deserts of Africa separate 
regions as shaiply as does the sea. In the sea, where a 
superficial view might lead ns to expect great uniformity, 
there are provinces recognisabie, though tiieir demareation 
Sb not always clear. But a current may be a bar as absolute 

I mountain range, and a deep central trough, as that of 
Atlantic, seems as effectual a means of separation as a 
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desert. In tlie N. Atlantic basin waim and coltl areas 
described as connected with the features of tlie sea bottom 
(Arts. 75-85), and by their interlacement tJie faunas of 
nortliem and sontLem regions are found under tho samo 
parallels. Among the anomalies of diBtribntion must ho 
mentioned the absence of animals from an adjacent area from 
which they are separated by obstacles seemingly out of pro- 
portion to the result Thus tho distinctneBS of Madagascar 
fiwm Africa, and of the two parts of the Malayan Archi-' 
pelago, even of Ireland from Great Britain, leads us to wl 
is the primary cause of the features of the botanical 
zoological geography at the present time. 

399. SpeciflO CentTes.— Plants and animals are grouped 
under species, and these under genera.; those again under 
families, orders, cl.isses. The number of species included 
under a genua varies, and the number of varieties under 
species is lite-wise unequal. But the proportions i 
cases have reference to the extent of country they cov. 
to the variety of its surface. There is little variety 
animals of a country which, like Afiica, is remarkable for* 
uniformity; on the other hand, tho changes of conditions 
presented by such a region as the Amazon valley are 
associated with tho presence of many local varieties among 
the butterflies, as Mr. Bates has described. Though they do 
not prove, these two converse facta Bupporii the view, that 
species are modified as they spread from the area or centre 
in which they first appeared. It is now accepted as iodia- 
putable, that species which have become extinct, do ni * 
recur in the geological series, and the forms which hai 
descended almost unchanged from remote times to the prese] 
confirm us in the belief that continuity of descent is inaeparJ 
able from continuity of character. ITie isolation of specific 
or generic types at the present time is, therefore, explicable 
by reference to the geographical changes which have been 
described in previous chapters of this volume. It is beyond 
the scope of such a book as this to discuss the question of 
the origin of species; but the view here adopted is, that 
species ore developed out of other species by modification. 
Considerable difference of opinion exists as to the nature ~^ 
the processes by which this modification ia twftUByjV ■" 
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liut the theory affords the otJy means of co-ortlinating a mna? 
oi' facta which no other doctrine yet proposed has brought 
into harmony. To physical changes, therefore, must be 
assigned the primary inflnenco in bringing about the distri- 
bution of organic forms such as wo now" see. 

400. Biological Provinces UneqnaL — Keierence hsB been 
m^do in previous paragraphs to the unequal plasticity of 
organised forma, to the uneqiial power tliey possess of endur- 
ing vicissitudes jn the conditions to which they are subjected. 
It may be said in general terms that this power of endurance 
IB in proportion to the simplicity of the organism; that the 
simplest forms are those which have the widest range in. 
space, and have had the longest existence in time. Aa the 
complexity of an organism increases, its power of endurance 
diininiahes, as a nile, In the same proportion; so that the 
continued eristence of its offspring depends upon their 
capacity to change at the same rate as the conditions alter. 
If the capacity is luuited, extinction of the tj-pe must ensue. 
If the cajMcity is great, or if the external changes are slow, 
the modification gives rise to new species. In some groups, 
both of plants and animals, the changes in a given time must 
be greater than in others, and after long intervals the spectfio 
centres, say of the grasses or of the molluBOS, must have 
undergone considerable change of position. A series of maps, 
each devoted to the distribution of a distinct species or genus, 
would present very great diffei-ences, the amount of which 
may be inferred from the coniimrison of those given in Mr. 
A. M.iv:ra.y'B DistribiUion of Mamniali, 1866. But while the 

I centres of maximum development of animal and vegetable 

I species do not coincide, there is sufficient agreement to render 

1 passible the division of the earth into regions, each of which 

is characterised by the presence of an assemblage of plants 

and animals whose association has reference to the previoofl 

geographical conditions of the areas. 

401. Sclater's Provinces. — The provinces, which thus 
barmonlze biological and geographical changes, are those first 
set forth by Dr. Solater for the birds, and since approved by 
Mr, Wallace for the animal kingdom genei-ally, while they 

I include tolerably well the main facts as to the distribution irf 
kplaata. 
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Resioni. 


Areas. 


1. Neotropical, . 

2. Nearctic, . . 

3. Palsearctic, 

4. Ethiopian, . . 

5. Indian, . . . 

6. Australian, , 


South America, Mexico, West Indies. 

The rest of America. 

Europe; Asia, north of the Himalayas, as far 

as Japan; Africa, north of the Sahara. 
The rest of Africa; Madagascar. 
Southern Asia; west half of the Malayan 

Archipelago. 
East half of Malayan Archipelago; Australia; 

and most of the Pacific Islands. 



402. Neotropical Region. — South America contains, as 
its characteristic animal forms, the platyrhine monkeys, 
which are distinguished ftom the Old Worid forms by the 
thicker septum between the nostrils, and by the possession 
of 36 not 32 teeth. The antiquity of the province is shown 
by the exclusive presence in the tertiary deposits of monkeys 
belonging to this type, no member of the Old World group 
having been discovered. The sloths and armadilloes are 
similarly related to their predecessors, the megatherium, 
glyptodon, and the like, and Mr. Bates regards the arboreal 
habit of the sloth as acquired during long residence in a 
wooded country. The llama, alpaca, and guanaco, form a 
characteristic group confined to the higher plains of the 
eastern slopes of the continent, while the vampu-e bats are 
also confined entirely to this region. 

403. Ethiopian Region. — ^The submersion of the Sahai*a 
down to tertiary times, formed a barrier which helps to 
explain the separation of the north coast of Africa from its 
tropical and southern districts, and the specific distinctness 
of its elephant, of its three species of rhinoceros, and the 
restriction to it of the hippopotamus. The chimpanzee and 
gorilla are the anthropoid apes of this region, while the 
lower groups are numerous, but all belong to the catarrhine 
division. Madagascar, separated from Africa by the Mozam- 
bique Channel, contains very few mammals common to it 
and the continent (Art. 419). The characteristic lemurs 
have been found fossil in Europe, and the difference between 
two countries so near, and placed under similar climatal 
conditions, indicates the antiquity of their separation. 
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404. Indian Begion. — The eastern totm^ry of this area, 
the stmt betvreen Borneo and Bali on the one band, Celebes 
and Lombok on the other, is only fifteen miles broad, but ita 
depth is greater than 100 fathoms, and this corresponds to a 
geographical separation of great antiquity. The 'western 
boundary is less definite geographically, the Ethiopian and 
Indian types being mingled on the continental land sarface 
of Arabia. The scitaniinem, zingiberaccES, and bananas are 
the most characteristic forms of plants, and the fitness of 
local climates for certain^ species of food plants fi-om other 
regions, has been eiperimeutally proved. The elephant, 
tapir, and rhinoceros ai-e wide sjiread over the area, and the 
species of ox (Bos gaitrut and B. gavialis), though kindred 
to the S. African species, hare remarkably local areas. The 
reptiles of the Indian area ai'O well defined, the exceptional 
occurrence of tropical snakes in Japan, and of a few tropical 
bntterflies, telling of a former southern land connection of 
Japan, ^Thereby these Indian forms gained a footing among 
a mass of palffiarctic species. They represent groiips which 
othei-wiae would have been unrepresented, and their continu- 
ance looks like the fulfilment of a function in nature. 

406. AuBtialiaa Region. — But though mammals, birds, 
and reptiles sgroo in defining the Indian region by the Straita 
of Lombok, the insects wander over the line on both sides, 
the mixture of species being here due to power of flight, as 
in Arabia it was duo to absence of obstacles. The other 
groups of animals leave no doubt as to the definiteness of the 
Australian region. The marsupials, and the absence of 
])lucflntfil mammals, are the leailing features of the greater 
portion of the land. Among birds, the emu, mound-building 
m^apodius, the honey-suckers, and loris, form a characteristic 
assemblage, while the kivi or apteryx stOl represents the 
stnithloHs birds, of which the moa was the last survivor, 
having become extinct probably within the last century. 
The gum trees, eucalypti, heaths, epacridcs, the proteaceie, 
casuarinas, and gununiferons acacias are among the most 
characteristic for the continent, but the variety of climate 
which diflerent portions of its boiders offer, is accompanied 
by local peculiarities in the grouping of the plants. Tha 
grass ph^iB of tho interior are like those of the north tem- 
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^^F TJtaUitZL aeaiosa is LATntJDE akd altituus. 3^^^| 

BHkate Eone; the Bcrub is peculiar, sinco no turf accompani^^^^ 
n, and the heath-like, vertically placed leaves oSer litt^^^^ 
protection to the eoil beneath. The comliicatiaii of Aniorics^^^^| 
Australian, and Antarctic plants in Kew Zealand, the lattffi^^| 
being confined to the high ground, rendera it probable that*^^^ 
the present aspect of the vegetation was acquired after miiny 
great changes of the geography of the South Pacific, and 
after the disporaive iofltience of a soutliern glacial epoch had 
been felt. 

406, Paltearctic Begion. — The Eiu'opoo-Asiatic continent 
from Japiin to Spain, and to the north of a line from the 
Atloa through the north of Arabia and the Himalayaa, pre- 
sents a singular iiniformity in the distribution of mammals, 
76 per cent, of European species being common to Aiaoor- 
land, while Algeria contains forty-seven species and about 
twenty-eight genera common to the lands north and east of 
the Mediterranean. There is a similar agreement as regai'ds 
the other groups of vertebrates, with the exception of the 
Japanese serponts, which are tropical. The land molluaca 
agree, on the whole, with the vertebrates; and the plants ^b 
likewise render this a natural province, save in the eastenc^^H 
Asiatic region, in which American affinities iiiilicate relation- ^^M 
ehip to the miocene ilora. ^^| 

407. Common Character of Neotropical, Ethiopian, 
Indian, and Anstralian Begions. — The bird fauna of the 
great ai'ea thus included is of gi*cat interest. To these regions 
are confined the stnithious birds, incliiding tlie ostrich of 
AMca,emuand apteryx of Australia, cassowary of theMalayan 
group, rhea of America. The edentates, including the sloths 
and armadilloes of America, the pangolin of Africa and 
Malaya, and the orycteropua of Afiica are confined to this 
area; while the anthropoid apes range from Eastern India 
to the west of the Ethiopian region. The tapir is American 
and Indian, the elephant Ethiopian and Indian, the marsu- 
pials American and Austi-alian. To this must be added the 
common characters of the plants of S,. America, S. Africa, and 
Australia, which, though not comparable in importance with 
the zoological resemblances juat stated, contribute to the 
evidence in favour of a former conuection between thes 
different land masaos in the southern Uemis^heie, <ihaiii^\.-t' 
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connection \fi\a not eimultaneoua. Oseilliitions of land, snct 
as the coral ialanda show to be still going on in that region, 
formed atvariooa periods bridges between the diffei-ent ai'eas, 
and it is pivibFible that some of these connections date frc>m 
tUe triassio timea, when 8. Africa assumed tbe continental 
form which it has aince retained. 

408. Analogoua or Representative Forms. — A distinctioa 
Must be observed between these common types and wliat aifl 
known as representative forms. A3 a general rule, the hahita 
of speciea under the same genns ttre closely aimilar, if not 
identical, the affinity of Btmcture which oonBtitntea them 
members of the same group offering a jireaumption in favour 
of such resembianee. Thus, the elephants of Asia and Africa 
are equivalent, bo far ns their shai'e in tlie economy of nature 
ie concerned. The llama and its kindred, again, represent the 
camel, but are not equivalent to it. These relations are con- 
sequent on the diffusion of the descendants from a common 
etock, the forms, divergent in their migrations as well as in 
their stnicttire, being dissinular also in habits according to the 
character of their new Burroondinga; but the departiu-e slops 
short of that utter difference which would bo associated with 
changes bo extreme as to efface even the family resemblance. 
But another kind of resemblance, for which analogy is the 
beat term, e)data between members of distinct orders. Thns 
the marsupials pi-eaent, within the limits of that group, moat 
of tlie habits and corresponding mndifications of form which 
occur among the placental mammals. Tlie carnivore has its 
analogue in the thylacinus, the ruminant in the kangaroo, tJie 
inaectivore in the myrmecohius. This remarkable parallelism 
is due to the long occupation by the marsupials of their iso- 
lated territoiy, and to the consequent competition among 
them, resulting in the adaptive change which has specialized 
each group by its mode of life, 

409. HigiatioQ of Species, and Ezteneion of Area. — 
Every species tends to spread in all directions as the number 
of individuals increases; and if the conditions are aimilar on 
all aides the spread will be equal, on event which can rarely 
happen. But this extension of area must be distinguished 
from transfer of the point of maximum development. Thia 

fctakea place — 



illGBATION 0^ SPECIES. 331 

a. When climatal changes occur. All species are not 
equally capable of migration, hence extinction in the primary- 
locality may go along with increase of niimbers on the margins 
of the area, while expulsion in mass will shift the area of the 
more locomotive species. The glacial period was the climax 
of a series of migrations whose progress is traced in the 
changes of the pliocene faunas. 

h. When geographical changes occur. But as there is 
every reason to believe that these are, on the whole, gradual, 
the changes are more likely to have been by migration, and 
expansion on the margins of the specific area, than by ex- 
tinction in one locality. 

c. When the food supply oi a species axters. Whatever 
affects the vegetation of a district must affect, however slightly, 
all the inhabitants of that district. Any disturbance of the 
balance, say by the failure of one kind of plant, will to that ex- 
tent alter the diet of the graminivorous mammals, while space 
will be left for the free development of other kinds, or their 
importation from elsewhere; and importation of new plants 
usually brings new animals, whether their influence be im- 
portant or not. The annual migrations of animals, commonly 
referred to instinct, are, in many cases, rather due to appetite. 
Their occurrence at the time of seasonal change has led them 
to be referred to climatal causes. But the migration of the 
swallow southward at the close of the summer is towards a 
region where he will find during winter abundant insect 
food, wanting in that he has quitted. The bison travels after 
the food which he exhausts in each successive locality by 
destruction as well as consumption; and the herds have their 
return timed by the renewal of the herbage. The quest of 
water leads to other great migrations, and these movements, 
of irregular periods, are identical in kind with those which, 
from analogy, may be assumed to have some share in this 
shifting of species. 

d. When enemies or competitors appear or disappear. The 
vegetation of New Zealand seemed that best adapted for the 
country, but its development was due to long isolation; for, 
where European plants were imported, the white clover is 
displacing the ferns and native grasses; the cow-grass {Poly" 
gonum aviculare) follows all the road lines ^ the dock (Kume» 
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under some influences -whose operation we know nothing of, 
it is immateriftl here to discuss. Suffice it that these changes 
■will be perpetuated if they are beneficial to the animal; that 
just as particular varieties are "selected" artificially by man, 
I in nature a stronger or better endowed animal is selected, 
id survives and multiplies, its weaker or worse endowed 
aociatea disappearing. Continning to nse the impei-sonal 
language hitherto employed, the illustration taken by Mr. 
Huxley is a happy one, when ho says that the wind selects 
the aucoessively flner sand on the dunes, and that frost selects 
the weak plauta aa the gardener would select them. 

413. Variations : How Beneficial. ■ — The modifications 
which constitute " the fittest," may be either of an obviously 
useful kind, as the length of neck which extends tlie giraffe's 
browsing ground, the length of limb which increases the 
swiftness of a carnivore, or which gives its prey better chance 
of -escape. In artificial selection that may he desirable which 
to the wild animal would be fatal, aa the shoi'tnesa of limb 
which gave to the Ancon sheep of Masaachusett.'j their value, 
because they could not leap fences. But the benefit may be 
indirect, aa when a beetle (Psox) has the colour and appear- 
ance of dust, and thus escapes detection; when a leaf — or a 
stick — insect is indistinguishable from the vegetable matter 
amid which it lives; when one biitterfly comes to resemble 
a buttei-fly of another species, so as to acquire the immunity 
from the pursuit of hutls enjoyed by that one which it 
i-esembles ; or when a moth and a humming bii*d have a 
superficial likeness protective to both. 

414. Himicry: Protective BeBemblances : Independent 
Beaemblances. — All these modifications are in reality imcon- 
Bcious on the part of the animals, though the poverty of 
Janguage renders it difiicult to avoid the auggeatiou of voli- 
lition in the last -mentioned cases. But the occurrence of 
iiOTsemblances which cannot be protective, demonstrates the 

unconscious character of the change, and points to similarity 
of endowment of living bodies as the soui'ce of the accidental 
similarity which is seeu, for example, in the ctu'ioua likeness 
rof marine sheila in one part o£ the world, to land Khells in 
tUiother. Homogenetio has been proposed for resemblances 
^hiclt may bo traced to common anceatvj, bomoiilastie for 
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changes produced by similar influences on similarly endowed 
tissues. 

416. Bepresentative Species. — ^In distant regions identical 
forms are met with, the more frequently the lower are the 
orgamsmSy wide distribution in space and time being propor- 
tioned to the simplicity of the forms. But among the higher 
plants and animals, the independent origin in both locaUties 
of the identical forms is rendered improbable when it is 
found that) in the one case, the individuals are so numerous 
as to indicate that this is Iheir proper habitat, while, in the 
other, their paucity indicates that they are outliers, and 
sometimes the intervening area may yield fossils proving the 
former continuity of the species. Moreover, on the assump- 
tion that all species reach their present localities by migra- 
tion, the improbability of identical variations occurring far 
apart is very great, since the influences cannot be absolutely 
identical, and perfect reversion is unknown. But closely 
allied forms may arise, and these are truly representative 
species, since they set forth the changes produced by similar 
conditions in the descendants from a common stock. 

416. Dangers Incident to Migration. — The diminish- 
ing number of the travellers might be expected, when it is 
remembered that every change of locality may yield change 
of temperature, of food, of rivals, and of enemies. The 
prospect, therefore, of great extension of a species, and of 
its numerical superiority, is a complicated problem, to which 
must be added another factor, tiie number of individuals 
which may have started on the route. 

The names in the following table must be regarded as the 
ends of branches which are given off successively from pre- 
vious branches. It is not necessary in this volimie to state 
the points of divergence. It is only desired to suggest that 
the succession is no more linear than is that of the branches 
of a tree, the highest branches of which diverge from the axis 
equally with the lowest. 

417. Homotaxis. — It is often said that, in the silunan 
times, there was a greater uniformity of life over the earth 
than there is now, the deposits of that epoch, wherever 
examined, revealing closely similar forms. But all strata 
are assumed to be Silurian which wcq th.^ ^^d^a'^fesss^'et^^^s^ 
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strata of each region, an arbitrary basis is assumed, and the 
resemblaDCB of these rocks in different regions is ext^gerated, 
it being forgotten that as these strata everywhere rest on 
metamorphic rocks (where their lowest portions are visible), 
it is impossible to saj to what extent the records of pro- 
existent Koologicol pi-ovincea have been destroyed In later 
deposits, aa the marine portions of the cai'boniferons series, 
commimity of fossils in distant localities has been token to 
indicate contemporaneity of deposits, and the existence of 
identical species at the same time in these localities. Reason^ 
jng from the small number of identical species at distant 
looJitles at present, and from our imperfect knowledge of 
the strata whose organic contents are said to be identical, 
the opinion fii'st announced by Godwin Austen seenia correct, 
that identity of species indicates lapise of time suiEcient to 
have admitted of migration from one locality to another. 
Professor Huxley proposed the term homotaxia as expressive 
of the relation of such fossil groups, insisting that strata, 
characterified by similar remains, sliow a sintilar but not 
identical sequence in each locality; and this doctrine, that 
geological formations represent geographical provinces rather 
than peiiods of time, is in accoi-dwice with Professor Bam- 
Bay's investigations into the diati-ibution of former continental 
areas. 

418. Insular Faunas and Floras. — In an earlier chapter 
the population of islands wa.s said to differ from that of ad- 
jacent lands in proxwrtion to tho antiquity of its isolation. 
The Atlantic islands illustrate this generalisation. The 
Madeira, Canary, and Cai>e Verde groups differ from the 
mainland and from each other. There ai'e no indigenous 
mammals except bats; but such quadniiKKlB as have been 
inti-oduced prosper remarkably. Madoim has, on the other 
hand, ninety-nine species of birds, of which one is peculiar, 
two are common to it and tho Canaries, the rest are Euro- 
pean ; and it is noticeable that the number of these is greaten 
on the eastern than on the western islands, the wind^rivoi 
birds first alighting on the eastern. Eveiy island seems 
have its own peculiar insect forms, two-thirds of the Madeinj' 
beetles being as yet unknown elsewhere. The flora of thew, 
islands haa the same Ameiioan a.sneot as the 
:'3 
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of eeutral Em-ope, and it ia probable that this resemblanoa 
IB due to the transport, from adjacent miooene land to tlieee 
islands, of eeeda which might be carried by birds or drift 
■wood, the transport being perhaps fasihtated by intermediate 
ielanda now sabmerged. That the isolatioo. of these ialaodB 
is anterior to the glacial period follows from Hooker'a obaar- 
vation, that whereas in all continental m.ountain8 boreal 
■forraa are found, the fnigmenta of an. expelled flora, the 
main body of which has returned northwai-ds, the mountain 
flora of these islands is simply that of the low grotmds. The 
antiquity of these islands is further shown by the distinct- 
ness of the pliocene fossil shells in the adjacent island^ of 
Madeira and Porto Santo, and by their equal distinctness at 
the present time. The Galapagos Islands have a fauna of 
land birds, all belonging to S. American types, yet four- 
fifths are peculiar, whereas an equal proportion of the aquatic 
bb'ds are of B. American species. In the Atlantic islands 
tho birds ai'e tolerably equally difliised, probably by aid of 
-winds ; but the calms of the Galapagos area explain the ro- 
Btrietion of some of the birds to separate islands. These 
facte are explicable on the assumption that the isolation of 
these islands is of great antiquity, and that the presence of 
forms belonging to adjacent islands is in proportion to their 
means of transit, as in the case of birds and bats, or to the 
likelihood of their being di-ifted by help of ice, floating wood, 
or in the mud adhering to the feet of birds j that these im- 
portations are not of frequent occurrence, and that tho forma 
thus isolated have varied bo as to lose their identity with the 
parent stocks, as has happened in the case of Australia. 
The student will find in Mr. Wallace's book on the Malay 
Arehipelago, an admirable statement of the method of inves- 
tigating the difierencBS of life in adjacent ai-eaa, and of the 
geographical evidence which may be elicited from them. 

«.9. HypotheBis of Lost ContineatB. — As our knowledge 
of the vaiioua means by which plants and animals may be 
transported increases, it is less necessaiy to aasnme the former 
evidence of hypothetical land connections. A miocene At- 
lantis, across which American plants migrated to Europe, ia 
especially unnecessary, since the existence of miocene plants 
'~ the far north snggestfi tUeir ^a.aBag,e in that i-egion, and 
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likewise explains the common characters of the vegetation of 
the then northern continents; and in the second place the mio- 
cene corals, common to Europe and the West Indies, required 
open sea in the Atlantic, or at least a more or less scattered 
archipelago, a supposition quite in accordance with the facts 
above stated, Tlie absence from Madagascar of widely dis- 
tributed African mammals has suggested the former exist- 
ence of a continent in the Indian Ocean; but the presence of 
lemurs on the African shore, seems to indicate a former land 
connection with Africa at a period so remote that time has 
sufficed for the variation of the isolated species, so that 
nearly all are now peculiar. Moreover, the presence of a 
lemur in Europe in miocene times lendera more likely the 
existence of dry land where the Mozambique Channel now 
is. The land connection with the Pacific area is supported 
by the affinity of the insectivore centetes to the American 
genus aolenodortf and by the presence in Madagascar of 
American types of serpents and insects. 

420. Marine ProvinceB. — Continuous as the sea appears, 
it is mapped out into provinces as distinct, though more ex- 
tensive, than those of the land. The fishes have free powers 
of locomotion, but they are as much addicted to particular 
localities as the birds, while it is lesa easy to recognise the 
conditions on which their limitation depends. The species 
associated in the bathymetrical zones, already mentioned, are 
as local as the inhabitants of subaSrial plains, and after the 
limit of influence of surface temperatures is passed, the species 
become more extended in range, just as the mountains, even 
to the equator, support boreal forms. The littoral species 
are the most varied, they being most under the influence of 
seasonal vicissitudes, and diversity of soil and food. 

The provinces of terrestrial life have their analogues in the 
cca. 

421. N. Atlantic. — The North Atlantic province includes 
a large part of the Arctic shores of the Old and New Worlds, 
and extends far down the American coast on the one side, 
the European shores on the other: the Mediterranean and 
Aralo-Caspian lakes belong naturally to it, and its southern 
limit is the equatorial drift. Over all this area the living 
and the most recent tertiary speciea ot mo^M^*». ^^^^^«sj^ 
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the cliametcra which unite so laj-ge a ti-act under one i 
iiution ai-o due to the dlapersive power of the glacial odi 
'wbei-ebj boreal foittis are now located in the Mediterranean, 
and the affinities of that eea with the Indian Ocean have 
been greatly reduced as compared with what they were in 
pliocene times. The adherence of cod, salmon, and herring, 
to the coaat lines is as marked as that of the molluscs, and 
'oonfirms the view that the community of species on either 
side, amounting to nearly one hundred among the molluscs 
alone, is due to the existence of Et former laud connection in 
tlie far north. 

422. CBlibbean Province. — This area extends from Concep- 
cion on the west coast of S. America, to the outflow of the 
Gulf Stream. Its molluscs, by which chiefly the province 
is determined, merge into each other, the Falkland Isles 
(Malvinas) proving their antiquity by the possession of 73 
per cent, of peculiar species. The fauna of the Mexican 
Gulf includes a large number of corals, but its molluscs have 
about 3 per cent, of species common to the western side of 
Darien, and some of the common species are found also in 
Western Africa. The ti-ansport of these species by the 
equatorial drift, and their migration ■westward during the 
patency of a channel through the Isthmus of Daiien, is an 
event of the same kind, prohahly, as that by which a few 
species have been carried by the Gulf Sti-eam to the shores 
of Britain. But when it is remembered that of 522 Sicilian 
Bpecies, thirty-five ai-e common to the West Indies, and 
twenty-eight to the west coast of Africa, it is possible that 
the extension of species fi-om Panama to Africa may have 
occurred at the same time, and by the same means, that 
Central Eiu-ope and the West Indies shared their coral 

423. Indo-Pacific Province. — This, the largest marine 
area, is still imperfectly known. Following the coast line, 
a remarkable continuity of molluaean forms can be traced, 
and such agreement as the Pacific Islands present with the 
American continent, ceasies at the Peninsula of California. 
The eea lions range throughout this great area, (uid even 
beyond it, manifesting as little agreement in detail with the 
' ions i)iai-ked out by tetr«atml lifa as da the other ani- 
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possessed of vaiious powers of locoTuotion, with the 
areas whose limits have been marked out by Mr. Wallace. 
The area is predoniinantly that of corals, and the specifis 
variety of the moUuaca is duo to the multiplicity of local oon- 
ilitioDB arising from the submorgence and re-emergence rf 
liuids whose prominent peaks have been seized on by the 
corals (see page G6 for tlie axes of Focifia lands). la thu 
region, too, are found the remains of the decadent group o{ 
cephalopocls, which filled the mesozoic strata with ammonitog^ 
but is now reduced to the nautiius. 

424. Australian PrOTince. — The large miniber of peculiRr 
genera, and of genera which here attain their maximum, 
gives as marked a character to Australia as it owes to its 
tarreatrial fauna, more especially as mesozoic types are con- 
spicuous. But the common genera are also of interest, since 
they are, with iiniraportant exceptions, found in tlie southern 
land maBsea of America and Africa, as well as on the shoves 
of the Antarctic continent. 

425. WeBtera S. America. — The Gulf of California 
belongs to the great pravince of wlfich Panama is the centra, 
and whose southern limit ia tho mai^ia of the easterly or 
Antarctic drift. The community of forms on either side dt 
Dorien has already been mentioned; it only remains to say 
that the total difference of the moUuscan fauna of the Indo- 
Pacific fi-om that of this portion of America, renders the 
region thus limited a veiy natural one. The Galapagos 
Islands maintain in their marina fauna the preponderance 
of pecuLar forms Keen iu their terrestrial population. 

426. Pelagic Forms. — The conditions of migration of 
some families of animuts ai'e unknown. Cuttle £shes are. 
found in most regions, bat the species, though dwellers in 
the high seas for the most part, are very eonsei-vative of 
their customary tracks. If it is difficult to follow the move- 
menta of an animal like the herring when it approaches tho 
coast, it is impossible to say how the pelagic species ti-avel, 
and onr marine provinces are therefore defined entirely by 
Inference to the coast fuimas. 

427. Deep Bea Faunas: Continuity of the Cretaceous 
Epoch. — Only in the Atlantic Basin have soundings as yet 
given systemntic informatioa reg&vOiT^ \.^iia ui^s^Msss^s^ ^'«i 



1 

i 






PHTSICAL GKOOftAPHT. 

depth beyond 200 fathoms, and even tJiero, great fia has b 
the addition to our knowledge, the observations ai-e few and 
isolated. It appears that the oaze, often referred to, repre- 
Bents the chalk of the cretaceous formation, its large amount 
of diSiiHed Bilica not hivving yet been segregated in the flint 
-nodulea of the old rock; that the area occupied by the deep 
water apeeies is wider lian that of the shallow water forms; 
And that while the propriety of including within one area 
the regions mentioned in a previous paragraph is confirmed 
by the presence of miocene and pliocene Sicilian forms, in 
others a remai-kable affinity is shown to the cretaceous forms. 
The continuance of these forma, belonging to types supposed 
to be extinct, in association with a deposit so peculiar, one 
wliich &om theoretical considerations we should expect to 
find, OS it is known to be a deep water accumulation, has 
given grounds for the generalisation tbat the chalk is con- 
tinued to the present time. Whatever exception may be taken 
. which this idea is embodied, the fact is, 

lat the cretaceous deposits persist with vciy much of their 
'Obai'octeristic faima, and that thus two provinces co-exist, 
which, judged by the p&liEontoIogioal standawl, would be 
regarded as belonging to diatiuct peiiods of time. It further 
appears, as Dr. Wyville Thomaon points out, that "the 
gasteropoda range from the shore to a depth of 100 to 
200 iatJioms, the lamellibranch molluscs become ecarce at a 
slightly greater depth, while some orders of hracbiopods, 
oniatacea, eohinoderms, sponges, and foraminifera descend in. 
scarcely diminished numbers to 10,000 feet. In feet, t/te 
VbaOiyinelrical range of v(mou3 groups in modem seas Bon-e- 
[tpondg remarkably with their vertical range in tmcieitt alrata." 
Kbe sentence which we have italicised contains a generalisa- 
tion which accords with that of Agassiz as to tlie order of 
the genera of corals in a reef, the representatives of the 
groups whose maximum was in the remote past being near 
the bottom, the modem species towards the surface of tlie reef. 

438. Extinction and Beplacement of Species. — The dis- 
appearance of species ia very slow, and the final extinction 
can very rai-cly be determined. The lisfe? of fossUs given in 
'ks on geology show that a species mjiy not occur in every 
"■ ' of sti-ata in one region; but its absence in 
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toy particular layer may be due to its migration elsewhither, 
or to our imperfect knowledge of the layer, as well as to its 
extinction; and one of the former is clearly the explanation 
when it occurs in the layer above. The colonies of M. 
Barrande show how extensive migrations may be, and how 
long an interval may separate the earlier and later occupancy 
of a region by the same species. As there is no reason to 
believe in the sudden and entire destniction of a species, which, 
so far as evidence goes, could only take place with a decay- 
ing species, whose numbers and ai*ea were therefore already 
greatly reduced, the sudden sharp cessation of, say, the meso- 
zoic types in Britain at the close of the chalk, is due to 
migration and to the nonpreservation of the highest strata of 
the chalk series. For the same reason the replacement of 
species is a process not traceable, even if it were effected only 
by migration; still less can the steps be followed when modi- 
fication is instrumental in the changed aspect. 

429. Persistent Types; Progressive Development.— It 
is impossible to enumerate the influences by which plants and 
animals are altered, destroyed, or displaced; but to the 
external agents must be added one whose power we cannot 
estimate, namely, inherent tendency to decay. If there is 
in species a natural period of existence, as there is in indi- 
viduals a limit to functional activity, it is not probable that 
the full period of duration is often attained, since species 
are subjected to ever-varying external influences. It is not 
necessary to argue against theories of progressive development, 
as that term was understood some years ago. It is now well 
known that the earliest fossils with which we are acquainted 
belong to types as well developed as those of the present day; 
and that while new orders have made their appearance, they 
have done so, for the most 'part, at remote dates. Vertebrates, 
fishes, are found in the silurian series, molluscs of various 
groups, the lamellibranchs, gasteropods, and cephalopods, are 
all present in the same strata : brachyurous and macrurous 
crustaceans (of which the crab and lobster are the familiar 
living examples) appear in the carboniferous rocks, along 
with sharks and highly-organised labyrinthodont amphibians. 
In the triassic strata all the orders of reptiles, except serpents, 
are represented. Birds are found early in. tha y^^^^yq. ^'^-tvss!:^ 
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r >it(l the lower tertiarics contain nearly, if not all, tlie ordera 
of mammalia. But theae higlier types not only aj>pear 
very early, thoy also persist for long periods alongside of the 
lower types. Thus trilolniteB are still foimil in the carboni- 
ferous rocks wiLli the decapod crustaceans mentioned; the 
labyrinthodonts still flourished in the triaesic times, along 
with the reptiles; the marsupials, which still exist, commenced 
their career early in the mesozoic series. Among the inverte- 
brates aimilar cases are found. The classes, ci'usta^eans, 
insects, myriapods, and arachnids, are all found in the carbon- 
iferous, and of the ordera of ii^ects several have appeared in 
strata lower than the cretaceous, deposits; and in the shores of 
the chalk sea air-breathing gasteropoda of the genera Phyaa 
and Paludina lived in lakes and lagoons, over which dragon- 
flies hovered, while beetles {Buprfsles) crapt through the 
decaying plants on the margin. The oi-ders, then the types 
of atinictui-e, are of great antiquity, and those which have 
disappeared have given place to more specialised forms, in 
which, that is to say, the adaptation to particular conditions 
is more complete. But genera are also very persistent, many 
dating from the early silurians, as Unffula, rhynclioneHa ; 
and others appear at successive periods, lasting, with little 
change, to the present time. On the theory of the origin of 
species by descent with modification, the early appoarajice of 
so many highly organised forms is explicable by their origin 
in pre-exiatent common ancestors, not by their evolution each 
out of the other. But it is clear that, in the fiiat plaiM, 
this requii'eB the earliest plants and animals to have been in 
existence long before the Cambrian, perhajia even before the 
lanrentian; and thus we should be without fossil evidence of 
a population as important, and, for aught we know, numeri- 
cally AS great, as that of the present time. In the second 
place, there is still gi-eater pi-oof, in the fact stated, of the 
esifltence of zoological provinces distinct from each other even 
at the earliest times. The provinces, as they existed in 
the later paleozoic and earlier mesozoic periods, have been 
sketched out, but the consideration of them, of their differ- 
ences fi'om those ali-eady given, belongs more properly to 

_>desoriptive geology, in connection with which the relations H^m 
'is triassio continent will be discussed. d^| 



HISTORY AND DISTRIBUTION OF MAN. 

Difiusion of Man— Unity orPIarality of Mankiml— Are Eacoa Speciait 
— Baaea of ClMsiHoatinn — Language — Form of Skull— Hair i 
WooUy and Straight Halted Raoos: Melanoi, Xatithomelanoi, 
Xanthoohroi, Melanocliroi, Nwroaa, Negritos — Antiquity of 
Man — EvidEDCe of Antitjuity— PreliiBtoricPoriods — StonePeriod 
— Metallic Age — Primitivo Home of Man — Hypothesis of Jjost 
Continents. 

430. DiffOBion of Man.— The diffusion of man over the 
BUrface of the glolie, iind the permanent footing he has aecured 
in all regions — save those polar and ti-opioal localities in whicli 
cold on the one hand, drought on the other, forbid the pre- 
sence of animals and vegetables in sufficient quantities, or for 
long enough periods, to supply his wants— are BOmetitnea 
referred to as if they were charftcteriaticB of man alone, and 
implied an inherent power of adaptation to various external 
conditions. But his history, and the analogy of other animals, 
jystify the opinion that this power of endurance and of 
adaptation is an acquisition requiring long time for its fiill 
development; and even now there are certain limits beyond 
■which his skill and energy cannot carry him in the strujgle 
■with nature. The Bengali and the Esquimaux cannot occupy 
in permanence each the other's country; and though tJio 
native of temjierate regions has greater tenacity than Le who 
is subjected to extreme conditions of temperature, there ia no 
instance of the permanence of a race from temperate regions 
in tropical countries, in which intermaniaj^e -with natives 
and a. steady stream of immigrants have not shared in bring- 
ing about the result ; while the change which the descendants 
of the British colonists in North America and Anstralia have 
■undergone, shows that the permanent occupation of a country, 
does not impl_^ the mainteuance of the original character of 
the people, Mr, Bates has given strong reasons for believing 
^^tile comparatively recent occupation of SoubK A-iaaYiaa. V(^ ' 
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the tribes wliich we speak of as nfttive; lint tlie facility wii 
vhich the Negro has become acclimiitiEGd in tlie eame area 
eho^rs that the power of adaptation does not depend on tlie 
relative elevation of a race, the Negro and the South AmericHi 
being nearly on the Bame level. The difB.ciiIty of determin- 
ing the conditions of the problem is increased by the fact that, 
■while certain anatomical differences can be recognised between 
the races in different regions, none of them account for the 
physiological disaimilaritiea which we know to exist. 

431. Unity or Plurality of Uankind. — Two opposite 
opinions are held i-egai-ding the origin of man. According (o 
the one, the varietiea which now people the world ai'e the 
descendants of a single pair; the other assigns the varieties 
to a plurality of ancestors. The latter view may bo set aside 
OS not resting on sufficient evidence. The monogenisla, as 
the advocates of the former view are called, believe that the 
ancestors of mankind were specially created in one locality, 
and were most probably a single pair, or that they were 
developed by evolution out of lower forma, and that Uiey 
wei-e a pair or several, but in either case appeared in one 
locality. It is erroneous and nnjnst to assume, as is too 
frequently done, that this last view excludes the influence of 
that higher power which is more conspicuously apjjealed to 
by tho hypothesis of special creation. The hypothesis of 
evolution has been adopted in the case of plants, and animals 
other than man; and it is here again adopted because it affords 
adequate explanation of a larger number of phonomcna which 
are related to each other aa antecedent and consequent than ' 
does any other hypothesis. 
433. Are Races Species 7 Bases of ClaBsiflcatioii- — This 
not the place to enter ^to the discnstjon of the qiiKition, 
Are races of man varieties or species i The grounds on which 
they have been regarded as sub-species, that is, as presenting 
'Vatiations more constant than is usual with varieties, but 
which cannot be certainly regarded as of specifio value, are 
chiefly ; f 1) that the variations are not universal in each race, 
intermediate forms being found which might be referred to 
other races; (2) that there is no certainty that any races an 
jnntually infertile; (3tintellcctually,aIltheracesaresoeqia'" 
'■"•■lowed as to establish the probability of their identityj 
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The characters on which the varieties are established are, 
the form of the skull, the complexion, and the quality of the 
hair, points which, though not themselves of absolute value, 
nevertheless characterise very well the great groups. 

488. Language. — ^There is no reason to believe that lan- 
guage differed as to its origin from man's other characteristics, 
or that its development was other than gradual. But this 
analogy with physical phenomena leads us to anticipate that 
philology should be an uncertain guide to the original rela- 
tionships of races. 

At the present time, apart from the facility with which some 
tribes, who have no written language, acquire the language 
of their neighbours or invaders ; apart from the evidence we 
j)ossess that a national speech may be washed over by others, 
BO that language alone would fail to reveal the original rela- 
tions; setting aside also the fact, important though it is, 
that the ultimately dominant speech is not always that of 
the dominant race ; that, in fact, whereas the spread of 
physical characters in the animal and vegetable world is in 
the ratio of the numbers of individuals who present them, 
speech is extended sometimes by the weaker in numbers and 
tenacity — setting all these considerations aside, we find that 
among uncivilized tribes superstition plays an important part 
in modifying the language, the taboo of the chiefs, and that 
consequent on death or misfortune, leading to the abolition 
of words which are replaced by arbitrary symbols, at least 
this is the case in Africa. The roots, theriefore, of the earlier 
speech are not certainly transmitted ; and their comparative 
fbdty at later periods is chiefly helpful in tracing migrations. 
In other words, the physical differences between the Aryan 
and Semitic races are less than the linguistic, the distinction 
having been perhaps exaggerated by some such influence as 
that just mentioned. It will appear, from the subsequent 
paragraphs, that the general statement regarding the westerly 
tendency of nations is true only for the latest dispersion of 
the Xanthochroic races : that a portion of that stock migrated 
towards the south-east, and that the diffusion of tliat great 
section of mankind has had its movement largely determined 
by circumstances. Thus the westward movement from Asia 
was a necessitj, since the east \l2A \y^^^ ^^^^ Q^^:?;s^>fi^\s^ 



the ilescenJauts of the people who first tenanted that bouUm 
contment, of which fragments only survive. Alternate enat- 
ward and westward movements are historically known among 
tliB Mongols. The Malay has spread to south-east and 
south-west. And at the present day the European nAtions 
are throwing off their surplus population in all direcfiona, 
but chiefly where the indigenous people are not strong 
enough to hold their own, where the climate is not had 
enough to kill the immigrant within a few yeai's, and the 
soil or native productions are not poor enough to forhid the 
hope of great gain with moderate labour. 

But if the material of language does not give positive evi- 
dence as to the ancestry of nations, its structure has been 
found to indicate their gi-ade of development. iLanguagea 
were grouped by Humboldt as isolating, agglutinating, and 
inflectional ; the simple apposition of the roots, as in the old 
Chinese, being the lowest of a series which culminates in the 
highly complicated grammar of European tongues, in which 
prefixes and auffixea are now merely symhols of particular 
kinds of relation, are merely the faint shadows of words 
which had primarily an independent existence. These words 
have undergone two kinds of change, a logical and a physi- 
cal The latter, called hy Mfiller phonetic decay, is o, con- 
venient index of the former, or at least of the extent to 
which it has gone. It must he remembered that what he 
denominates decay, ought oa the hypothesis of evolution to 
be called progressive adaptation ; for that hypothesis includes 
language among those phenomena whicli are of slow develop- 
ment and of changing type, wliiie MUUer starts with phonetic 
types or roots which he thinks exist by nature, change of 
which is a departure from the standard, and in his view decay. 
But without accepting the interpretation, MUUer's summary 
of the facts is a useful one, and is here subjoined in tabular 
form, Humboldt's classification being placed alongside of it. 
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In this table, R = symbol of a root whicH has suffered no 
phonetic change; r = symbol of a root which has lost its 
primary significance, but without having undergone phonetic 
change; while g represents roots which have undei^ne both 
processes, and in respect of their loss of meaning relative to 
the objects which tibey primarly indicated, may be called 
dead or empty, though as the exponents of new relations (for 
they multiply as the life of nations becomes complex), they 
have acquired new vitality. The student will find the ample 
discussion of these topics, and of the origin of language, in 
Max MtOler's writings, especially the StratificcUion of Lan- 
guages; in Farrar's Essays; and in the works of Sir John 
Lubbock and Mr. E. B. Tyler, on Primitive Civilization and 
Primitive Culture of Man, 

434. Form of Skull. — ^The terms used in the subjoined 
table, as descriptive of the skull forms, have reference to the 
proportions of length to breadth; the length being taken as 
100; thus an extreme transverse diameter of 7 inches, with 
a length of 9 inches, would give the proportion, 9:7 or 

100: 77-7 = index -77.* 

I. Brachtcephalio. 

Hound ShtUs. Cephalic Index *80 or more. 
Brachistocephalio. Index at or above *85 
Eurycephahc. ,, ., -85 to '80 

II. DOLICHOCEPHALIO. 

Long Skulls, Cephalic Index below 'SO 

a. OvalShuUs. 
Sub-brachycephalic. Index '80— '77 

Orthocephalic. „ '77— '74 

Mecocephalic. „ '74— '71 

5. Oblong Skulls. 
Mecistocephalic. Index *71 and less. 

This mensuration does not give information regarding 
the facial angle, or inclination of the facial profile to a hori- 
zontal plane drawn from the anterior end of the cranial axis, 
which is 67® in the yoimg Orang, 70"* in the Negro, 85° in 
the European. Neither does it tell of that relation of the 
incisors which furnished E^tzius with the subordinate char- 

* Prehistoric JRemains in Caithness. Lamg and Huidey^ ^. 85, 
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actcrs, orthogniitlioua wlien the cimincs are veilical, 
gnathoua -when tliey are inclined. These features accompdny 
tiny proportion of skull, the dolichocephalic Negi-o, and the 
bmcliycepholic Mongol being propiathouB, the dolichocephalic 
Arynns and the brachy cephalic Penmrm, orthognathous. 

435. Hair: the Diatinction between the Woolly^ and 
Straight Haired Raoes, — TJlotrichons and Leiotrichoua, 
ti'ivial aa the distintion may appear to bo, correspond to 
important difiensncea in character, capacity, and geographical 
distribution. The following tabte diows the results of the 
application of the teste, skiill form, and haii* character. 
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436. UelanonB RftOes. — The aboi-igiual Australians are 
among the lowest, both physically and mentally. 51ieir 
prognathoua skulls are Email and long, the prominent super- 
ciliaiy ridges are solid. Their ekiu is dai'k chocolate- 
coloured; the hair black and wavy; the eyes dark. The 
jiosB, though broad, is not flattened, and the lips, thou^ 
^ick, are mobile, as compared with those of the Neff^o, 
"TVlien fii-st known to Europeans, they were ignorant of agA- 
eulture, the manufacture of pottery was unknown to them. 
Even in wcapous they weiia deficient, not possessing the 
bow and arrow, those conmionest weapons of the savage; 
but, on the other baud, they are almost the solo posBoaaom 
of the boomerang, while the Esquimaux share with them the 
of the throwing Etick, "With. an. tiienavvfe wa,-W:d, thay 
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had very inferior canoes, and only the western Australians 
had fishing hooks and nets. Their unity of descent is not 
incompatible with the great dialectic differences which 
Eriederich Mtiller points out as qpparatiag the tribes. These 
are rather to be expected among people long resident in an 
isolated continent, and grouped in tribes, which a not over- 
plentiful sustenance kept in unceasing hostility. 

The primitive inhabitants of southern India, the Dravid- 
ians, belong to this physical type. Largely displaced by the 
Aryan invaders from the north-west, they still number over 
32,000,000, a fifth part of the population of India. Five 
linguistic divisions are recognised : Tamil, which is spoken 
over the Camatic and north Ceylon; Telcgu, misnamed 
Gentoo, on the east coast; Kannadi, at Mysore; Malayalma, 
on the Malabar coast; and the decadent Talu of Mangalor. 

The people who occupied south and west Europe in pre- 
historic times presented the same physical characters, so far 
as may be inferred from their remains, and were either pure 
representatives of the Melanous group, or were the earliest 
members of that group, the Melanochroi, to which the 
Xanthochroi and Melanoi contributed. In either case, there 
was, on physical evidence, a continuous band of uniform 
characters from Australia to western Europe, and it is note- 
worthy that this band manifests likewise a remarkable 
uniformity of megalithic structures from the Penrose Islands 
to Scajidmavia. 

437. Xanthomelanous Races. — ^The north-east of Europe, 
Asia north of the Caucasus and Himalayas, large pai-t of 
the Pacific Islands, and the whole of America, are occupied 
by races which have a yellowish or reddish-brown tint of 
skin, dark eyes, and black hair, usually long and straight. 
The Asiatic typeSj inhabitants of the fertile plain of China in 
the east, and of the deserts to the west, the Mongol, the 
Thibetan, and the Chinese, agree in the brachycephalio 
character of the skull, in the squareness of their faces, the 
breadth of the cheek-bones, the usually oblique position of 
the eyes, and their long, straight black hair. Some of these 
characters become less conspicuous as we go southwards along 
the east shores of Asia, and in the Malayan Peninsula we 
find a race agreeing in complexion, in colour of hais:^«siji\i\. 
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iirda, with tiie Mongol, and connecting tLat group witK 
the inhabitant-'! of the Facifia lalantk as far south as New 
Zealand. The EsquimatiK or lunnit, in the north of 
America, and with him goes the Gfeenlander, represents 
the doiichoceiihalic type, to which the Samoiedea and Tun- 
guaea of northern Asia may be refeired. They are of amall 
stature, broad faced, dark olive brown, with black hair, and 
the skulls are low as well as long. These latter considerably 

IrMemhle the Mongols, even to the obliquity of the eyes, 
irhile their language ia structui'ally related to that of the 
Korth Americans. 
■ The other inhabitants of the New World, setting aside the 
European, African, and Chinese coloniat, agree generally in 
laving a complexion which is some shade of brown, or even 
olive ; in having dark eyes and straight black hair. The 
Bkull is bi'oad, high, and long, the length being greatex in 
the northern and eastern tribes than in those to the sonth. 
The face is broad, and the beard is sligltt. It is impoafiible 
to recoguisQ any important physical distinction between the 
native peoples of America. 
The Fuegians are at present the moat wretched of people. 
Their chief food is molluscs, fish, which they eat raw, bones, 
pad Bcalea, and blubber, when it can be procured, whether 
fresh or putrid. With very scanty clothing at beat, they 
Mid their sucklings are often naked during snowfall. They 
have no pottery, and scarcely any weapons. Thei-e is reason 
to suspect that they aiB brachycephalic, and that the 
difference which exists between them and the other South 
American tribes, may be due to divergence from a common 
stock. 

438. Xanthochroic Saces.— -The combination of abundant 

tfiwr hair, blue eyes, and a pale skin, with a short Bkull, is 
found in the Scandinavians, with a long skull in the "Bel- 
gians, South Germans, Swiss, Finns, and Slavonians. These 
peoplea at an early period occupied the centre of Asia, 
between the Siberian low grounds and the Himalayas, from 
the confines of China westwards by successive migrations 
till they reached the extreme confines of Europe, the shores 
J^^^^tf the Atlantic, while southwards they encroached at inter- 
^^^■vIb oa the civilisation of Greece and the power of Koui^'. 



At present they occupy Europe north of the Alps, ming] 
in Russia with the Mongol, and in Britain with Melanoch 

439. Melanochroio Races. — From the plains of lutlia 
Britain, there nifty be traced along the track of the rai 
referred to under Art. 436, a, eeriea of peoples agreeing 
that they possess a pale complexion, with d^rk hnir and oy 
nnd for the most part dolichoccphalio ekulls. These peopl 
oooapy Persia, vestem Asia, and both shores of the Mec 
terranean, being mingled in France and Britain with th< 
preceding stock, which invaded and partly replaced them. 
In former times they occupied Spain, south France, and 
probably large part of western Europe, including Britain. 
It is obvious that this mode of grouping races breaks up the 
Aryan peoples into two distinct groups, the Xanthochroic and 
Melanochroic, and while one division of the Celts belongs to 
the former, the latter includes the dark Celts and the Semitic 
tribes. Mr. Huxley la Inclined to regard the Melanochroi 
as an area of popnlation which owes its character to " 
epread of the Xanthochroi over earlier Australoid luces. 

440. Negroes, Negritos. — From Tasmania by New Ci . 
donia, Papua, and Madagascar, a broken line of TJlotrichouB 
peoples may be ti-aeed, and on the other side of the Mozam- 
bique Channel the same type extends over Airiea south of the 
Sahara. Bat again, in Africa, as in Australia, the antiquity 
of the continent, and the isolation of its people, have given 
rise to great diversity in speech, the dialectic varieties being 
numerous and important The woolly hair of tho Negro is 
evenly distributed over the head, and, taken in conjunction 
mth his black skin and prognathism, which gives his thick 
immobile lips remarkable prominence, gives him an aspect 
which is more characteristic than that of any other stock, 
the oblique-eyed Mongol alone excepted. The Negro is a 
cultivator of the soil; within the last few hundred years ha 
has acquired the art of dealing with metal ; his weapons are 
the spear, bow and arrow, and are always carefully made, 
often elegantly finished and ornamented. 

The yellow-skinned Bushman has his hair disposed in locks, 

not uniformly distributed. Inferior in size and strength to tho 

Negro, he also occupies a lower place as regards his civilization, 

^»The Negiitoa of Tasmania wore dark, ^Yo^ia.y£i.wi&, ^ia& 
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doliclioccpLtilic, -while their fiizzly hair sepfu'ated them from 
the AnBtvalian. Their civilization, was even lower than that 
of the Australian, since they had no oanoea, vety imperfect 
fishing appai-atus, and not even the throwing atiok as a 
■weapon. The Papuan, as described by Wallace, ia of a sooty 
brown or black, nearly but not so jet bWk as the Negro. 
The harsh, dry, tuftwi hail-, at firet in ahort curia, forms in 
the adult a thick mass projecting from the head. The nose ia 
prominent, broad, but not flattened. Apai-t from the volatOe 
restless energy of the Papuan, characters in which he con- 
trasts with the Malay, tho distinctness of the races ia evidenced 
by the fact that members of the Negiito stock now form the 
population of the interior of many of the islands, and stand to 
the Malay of the coast in the same relation as the Dravidian 
to the Ajyan, save that the antagonism between the former 
two stocks ia greater, and has resulted in the more depi-eased 
Btnte of the earlier people, driven into the fastnesses of the 
island for safety from tlieir conquerors. 

441. Antiquity of Han. — What was the date of man'a 
first appearance, it is impossible to say. In Europe, human 
remains are found under circiimstancea which prove him to 
have been the contemporary of the reindeer, elk, rhinoceros, 
mammoth {Elepltas primigenius), and other animals which 
are now either extinct, or are the characteristic inhahitants 
of other regions. Thus tho west of Europe was already 
occupied by man long before the Xanthochvoic races spread 
from central Asia. At Hoxne, in Suffolk, flint wea]K>ns 
have been found in a deposit which lies on a hill slope, 
and which is evidently the remainder of a formation lately 
denuded during the excavation of tho adjacent valley, thua 
indicating a remarkable change in the physical features of 
south England since man fii-st occupied it. At present, the 
earliest indications of man are preserved in the deposits 
fonned duiing the amelioration of climate after the glacial 
period. Of miocene Tna.-n there ia no certain evidence, neither 
it be held as demonsti-ated that in America he oo- 
Ifid with the mastodon. But, hearing in mind what has 
. said in preTioua chapters, the student will see that if 
Jnan lived in central Europe, in the valley of the Somme, 
when ice covei-ed the river for a large ])art of the year, there 
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is no reason to cloul)t, from the analogy of other animals, 
he must have lived elsewhere at earlier periods. What that 
locality may have been, we shall immediately enquire. 

442. Evidence of Antiquity. — ^The evidence requisite to 
prove man's co-existence with extinct animals is: — 1. The 
association of the remains of both in undisturbed deposits, 
tinder circumstances which leave no doubt that both had 
been laid down simultaneously. 2. The absence of rolling, 
or those signs of friction which would leave no doubt that 
bodies so soft as bones had been transported for some distance, 
and might therefore have come from more ancient accumu- 
lations. 3. In the case of articles of alleged human manu- 
facture, the appearances must be such that no accidental 
fiTictures or other markings could be supposed to coincide. 

443. Prehistoric Periods. — Successive epochs of man's 
history are recognised by the character of the weapons he 
employed. Three principal epochs are: the Stone Period, 
the Bronze Period, and the Iron Period, the material used 
corresponding to the progress he had made in civilization. 
But these periods, like those of the geological tables, are only 
true for each country, or each race; they do not mark the 
same chronological stages for all. Thus the Esquimaux is 
at the present day in the stone period, while the Hottentot 
has reached the iron, and these unequal grades are found 
close to a higher civilization of European origin. Nor is the 
material necessarily a guide to the degree of civilization, 
since weapons of the stone age type have been found in 
America fashioned out of copper, which was easily wrought, 
but was not used as a metal. 

444. Stone Period. — Stone weapons of a rude kind are 
found associated with the extinct animals above mentioned; 
while more elegant and beautifully polished weapons of 
flint and other kinds of stone were carefully prepared at a 
later date. The periods at which these weapons were in 
common use are distinguished : the earlier as the palaeolithic, 
or archjeolithic, or drift period, the later as the neolithic or 
polished stone period. The localities in which palseolithic 
remains are found are limited, and the men who used these 
primitive tools must have led a life similar to that of the 
Esquimaux. The river ^"avela, gx ^ii\S\i^ ot ojoa^^rcsssr^ 
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depoaita, Uie early bone caves, the kjukkenmiiddii 
mounds of Denmaa'fc, and tiie lowest portions o 
inosses bavo yielded tbe chief remains of tbia early^ 
These primitii'e mces wei-e, uiiHko tho Eaqnimaux, v ' 
domesticated aninialB; yet in Eonie localities, aa in Pa _ 
the desiguB roughly cawed on. their instmntenta show some 
artistic seoBa The polEGolithic men seem to have been con- 
fined largely to the river valleys, and to the vicinity of the 
aea, from which food could be more easily obtained, in which 
it was alao more abundant than on the land. 

The neolithic age was that in whicli tlie tumuli or ancient 
buiial mounda were formed, the Pfahlbauten or lake dwell- 
ings of Switzerland were ei'eetsd, tho shcil mounda were in 
part collected, and in which the later cavemen lived. Tlie 
celts (Lat. eeltis, a chisel) are most frequently of flint, but 
other kinds of atone were used, kinds which ai-e not known 
to exist in some of the countries where the wrought speci- 
mens are found. Tlma jade in Europe, mica in the Mississippi 
valley, represent pi-obably barter, and suggest that the tribes, 
whicli thus obtained more vnJuiible materiala than thoae at 
hand, had already attained some mercantile B^ocity. "Xba 
monuments already refeired to, as also showing, like the 
atone instrumenta, uniformity over a large pai-t of the earth's 
surface, are the menhirs op standing stouea, cromlechs or 
f stone circles, dolmens or stone chambers, and tumuli or boi^ 
Pxowa of various kinds. These last belong to two diatinct 
^>ea, long and round, and tbe skulls differ according to 
the form of the barrow, thus 82 per cent, of long barrow 
skidla had a cephalic index of -63 to -73, while 63 per 
cent, of thoae from the round banxjws were brachisto- 
I cephalic. The lakemen of Switzerland belonged to two 
- jwriocls, those of the neolithic having left most abtindant 
t remains in eastern Switzerland, the west and centi-al distrieta 
* containing the habitations belonging to the bronze period, 
while those of the iron period are represented only on tho 
lakes of Bienne and Neufchatel. Ciunnogcs, as ttio pile 
dwellings of Irish and Scotch mosses are called, are found 
under circumatances which suggest that this mode of securing 
ittle may have been adopted in later troublous times, but 
majority are ^etufitiovic cciiM>vwctWa:&, T^>i existing 
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culeiita are the platform dwellings on tlio Orinoco, an^^^^f 
^.. ..'oT Guinea. It is not possible to determine the i''U>Q^^^| 
of the neolithic period in Europe; but as we itpproach ^i^^^^| 
later part of that epoch, it is noteworthy that the Bize of thj^^^f 
■weapon handles increases, indicating a correspoading dififer-^^^ 
ence in the nmnufuctureru. The shell monnds of Denmark 
and west Scotland commence in the earlier part of the neo- 
lithio period, and extend down to the bronze, while the 
Tasmanian and Fuegian have within historic times prepiired^^^H 
exactly similar piles. ^^^H 

445. Uetallio Age. — The gntdual amelioration in the co^^^^f 
dition of the early Europeans, shown by the discovety an4^^^| 
increasing dexterity in the use of metals, by the introducitioil'^^^H 
of domesticated animals, and by the greater attention to a^jrii ^^| 
culture, presents a history far too complicated to be more ^^H 
than ^uded to liere. The range and importance of that ^H 
history may bo inferred from the change of meaning whereby 
Max Miiller shows Aryan roots indicating copper were trans- 
ferred to iron, and the word which originally stood for fir 
became quereug (oak) while the Greek word ^ijyoc (oak) is 
repi-esented in Latin by fagus (beech) ; these terms, taken 

in the order mentioned, conespouding to the order in wbioli 
the trees succeed each other from below upwai-ds in the 
Danish peat mosses. Hesiod tells of a period when copp^^^^l 
only, not ii-on, was used, and alludes to a time when weapon^^^H 
did not e.'dstj that is, when metals were unknown. The pa^j^^^l 
sage, therefore, from the stone period to the epoch of Oreel^^^H 
civilization, may have been witnessed by those whose traditions, 
slowly aceumiilated, constituted the mythology of early Greece. 

446. Primitive Home of Man. — It is clear, then, that man 
had occupied Europe long, we know not how long, before 
that period the tradition of which represents the human 
family as diverging fi-om oenti'al Asia. That dispersion was, 
in fact, the latest event in the history of the race. If our 
intei-j rotation of events in the palteolithic age is correct, we 
have evidence of a mode of life not higher than that of the 
Esquimaux, while every succeeding epoch shows some im- 
provement, some sign of progress. To the question, Did a 
higher civilization exist at any other pait of the earth's ^^H 
Bux&ice} it is iinpossible to reply TjOBilfweVj. '^tJ^iWKa^'W^^^H 
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^^^,tho line of ai^umeiit adopted in ihe pi'STioua chapter, ihe 

^^Hdispcmon of tiibes from a, cummou ceutro must coincide with. 

^^BiolifUigea both in the travellera and those wlio remain; uid 

^^^Tchiinge means progress in the cose of man. If, therefore, we 

1^^ find that man in western Europe had not at fii'at risen hejond 

the conditions of tlie Esquimaux, it ia fair to aslt, how low 

in condition was he in his primitive home? or Lad Le retn>- 

graded ! The student must, in all such inquiries, bear in mind 

that retrogression is an uncertain jihiuse; that the Eugliabmait 

who apendi a winter in the Arctic region rctrogiades, inaa- 

much a3 his habits are no longer those of his home, but 

suitable to his surroundings; thus he adopts the custom of 

eating hia food raw, that being appai'ently most conducive to 

health. It is open to doubt whether man had not reached 

Europe before the glacial epoch, and whether the river-gmirel 

folk were not, like the reindeer, drivea back from their more 

northern homes, canying with them the cuatoaia and haUts 

suitable to a rigorous climate. On then* retreat northward 

I {for thcii- extinction at that period is an unnecessary assump- 

^^H tioa), they were seeminglyoverlappedby theadvoncingwave 
^^H of brachyceplialic men of the bronze age, aud thus the pi'ogreBS 
^^^of western Eui-ope was made up of that which might i-eault 
^H^&om intelligent efforts to deal with Bun-onnding difficulties, 
and of that which was borrowed fi'om the inTadars. Poi- it 
must be remembered that man passed through regions of 
unlike conditions, and his experieuces thus varying, Ma 
inventions and discoveries would likewise vary. The flint 
arrow-head was tied on the shaft as the shark's tooth, from 
which it wna copied, was tied on, and the spread of this 
pattern ovei- inland America is, like the exchange of copper 
and fihells between Lake Superior and the const, another 
evidence of the eai'ly interconimunication of these primitive 
folk. But when the comparative facilities for migration 
offei-ed by Europe aud America did not exist, tliere man woo 
an-ested, so to speak, in his intellectunl development, TTin 
needs wete, in the tropical islands, easily suppliodj and, in 
the absence of competition from without, excessive popula- 
tion would be cheeked, as at the present day in the PaciEo 
and Fuogia, by killing the children and the aged, while the 
'niianat faauly or famiUea avc ^i^teitad fcamato-tvation by 
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tte taboo which they lay on the cocoa-nut tree, which there- 
after it is a capital oflence to touch. Other things being 
equal, the occupants of an isolated country might be expected 
to have more and more varied appliances, if they had tra- 
velled to it, than if they were isolated after long residence 
there. The Australian and the Tasmanian are feebly endowed 
with the appliances for physical comfort : the more migratory 
Kegrito, in addition to the necessity imposed on him by his 
changes of place, was brought in contact with other tribes, 
and profited by the contact; hence civilization is greater 
among that stock nearer the equator than it is farther south. 
If the student follows up this suggestion, and compares the 
condition of different peoples, he will find reason to believe 
that while in all cases a tendency to improve has been shown, 
and while in very few cases has this tendency failed to pro- 
duce fruit, the amount of improvement depends chiefly on the 
necessities imposed by the surroundings of each nation, and 
thus we have many different stages representing the condition 
of the people when they first reached localities that did not 
cultivate tiieir inventive powers. 

447. Hypothesis of Lost Continents in Southern Hemi- 
sphere. — It is clear that, unless the palseolithic men were 
created in western Europe, they must have spread from some 
centre which lay beyond the limits of Europe, and which lay 
to the south of Asia. The Australian is cut off from his 
Dravidian kindred by the Negritos, which stretch from New 
Caledonia round by New Guinea, across the Indian Ocean to 
Madagascar. The Malay has moved south-eastwards, if we 
take language as the guide, for the Arabic element disappeara 
in that direction; but did he not first remove northwards? 
There is abundant physical proof of elevations and sub- 
sidences in that great area which lies between Africa and 
S. America, in the middle of which is Australia, a fragment 
of a continent homomorphic with the other two. The Tas- 
manian is a Negrito who cannot have reached his present 
home by sea, else the tradition of his canoe would have 
survived, nor was there any system of slavery, before the 
Europeans arrived, by which the process of u-ansplanting 
might have been effected. The reasons for asserting the 
e:s:btoiice o£ continuous laud ia tlxQ Sqw^Ivstcl Q^'^'^aa.^ "^ "^ 
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geologically recent period, v/eve stated in hat cliapter: fr^^^V 
this land, now to a large eiteiit submerged, man probably 
epi-ead on all sides, not necessarily in every case over con- 
tinuous land; for navigation undoubtedly bad an early 
ebare in tbe dispersal of tribes. The Anstraloid and the 
■woolly-baired races may be regarded aa presenting the two 
earliest divergences from the conunoa stock, the latter, how- 
ever, reaching sooner to the limita of their progresa than 
the descendenta of the former. Tbe distribution of the 
woolly-baired peoples is singularly close in its parallelism 
to tlmt of tho marsupials, lemurs, strutbious birds, and 
anthropoid apes, the Sahara eea having apparently cut them 
oflf entirely from contact with tbe primitive dolichocephalic 
(probably Melanous) races of tbe Mediterranean shores. The 
commnnity and diversity of characters between the Mongol 
and the Amei-ican are intelligible on this hypothesis. The 
Malayan type does not appear in Eoutbem India, tbe lines 
along which the tribes travelled being thus so far parallel, 
not coincident. The glacial period doubtless suspended the 
spread and development of man during a. considerable period 
prior to his advent in western Kurope. To the period of 
olimatal improvement we ought probably to assign that later 
dispersion irom central Asia which flooded India with pale 
faces, whose influence is manifested in the mixed stock, 
the Melanochroic, by which Dravidian tribes are isolated. 
To this time perhaps belongs the Malayan reflux which has 
given so great uniformity to the Polynesian area. It is clear 
that the terms, Aryan or Indo-European, are suggestive of 
theories on which we cannot decide, for the Xanthoobroi 
may be primarily derived fi^om Asia, east and north of the 
Himalayas, and Indo-European may thus be only true, in 
a secondary sense, for their Melanocbi-oic descendants. Be 
this as it may, the fact ia that, while the Xanthochroi ai* 
not traced beyond the Kimalayaa, the Melanoohroi — all those 
peoples with whom religion, science, and art, have attained 
their earliest and greatest development — all those people to 
whom grand conceptions, wbether in cyclopeau masouiy, 
or in gigantic empii-es, seem natural — extend to the shoivs a£ 
B TnHin n Oceaij. 
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COMPARATIVE TABLE OP FAEEENHEIT AND 

CENTIGRADE DEGEEES. 

Boiling point on the Falirenheit aoale is 212", or 180°P. aliove the 
freeEtng point (32"), and as boiling point on tlie Centigrade sc^a ia 
100" above 0°, it foUowfl that 180°P. are equal to 100°C., that w, 
9°F. are equal to G°C. The result may be formnlateil thm ; — 



1 



Degrees F. x 5 _ 



Degrees C. 



But as the Fahreulieit scale commences 32° F. below freezing point, J 
the Fahrenheit scale may be reduced to the Centigrade, or Ceutigradfti 
to Fahrenheit, thus; — 

5 (Temperature P. - 32°) _ 
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Celts, People, 853; instroments, 856. 

Cephalic Index, 349. 

China : Monsoous, 268 ; typhoons, 274 ; 
people of, 351, 

Cirrus, 200. 

C leakage, 34. 

Cliffs, 90. 

Climate, 284; continental and insniar, 
287 : inflaence of currents on, 287; 
of British Isles, 288; of lake regions, 
2S9; of mai-sh areas, 289; influence 
of surfiice features, 280; inflaence 
of vegetation, 291 ; cycles of, 291 ; 
influence on distribution, 322, 331. 

Clouds, 200; velocity of, 201; colour of, 
202. 

Coal, Formation of, 31; varieties of, 31. 

Coast Ice, 235. 

Coast Line, 56. 

Colonies, Barrande's, 43, 343. 

Colour of Water, 116; of clouds, 202; of 
enov7, 213; of atmosphere, 250. 

Condensation of Vapour, 196, 203. 

Conduction, 113, 257; of electricity, 281. 

Contemi)oraneity, 40, 42, 335. 

Continental Rivers, 165; lakes, 173. 

Continents, Tapering Southwards, 13, 56; 
area of, 55; evolution of, 59; dryness 
of, 207; lost, hvpothesis of, 338, 359; 
Atlantic, 60; Pacific, 65. 

Convection, 113, 216, 246, 257. 

Cornl Reefs, 29, 68, 841. 

Co-tidal Lines, 124. 

Ciunnoges, 356. 

Cretaceous Epoch, Continuity of, 341. 

Crevasses, 217, 224. 

Croll on Cycle of Climate, 292. 

Cromlechs, 356. 

Cumulus, 200. 

Cm-rents, Marine, 124; origin of, 125; St. 
Roque, 125 ; Arctic, 128 ; Labrador, 
129 ; Rennel's, 129 ; Mediterranean, 
130: Gibraltar, 130; Black Sea, 130; 
Baltic, 130 : Brazilian, 181 ; equa- 
torial, 132 ; Guinea, 132 ; equatorial 
Pacific, 133 ; Humboldt's or Pem- 
vian, 132 ; Australian, 188 ; Indian 
Ocean, 134; Red Sea, 135; south con- 
necting, 132; Natal or Mozambique, 
135; influence of, on climate, 287. 

Currents, Atmospheric, theories of, 258; 
constant westerly, 260; coarse of, 269. 

Catch, Runn of, 78. 

Cyclones, 210, 274. 

Dead Sea, Saltness, 110; la an area of 

subsidence, ^2. 
Deep Sea, Soundings, 53, 103 ; life in, 

117, 341. 
Deltas, 95 ; of Po, 96 ; of Mississippi, 96 ; 

of Rhone, 97; of Nile, 97; formed in 

valleys, 150; in lakes, 177. 
Denudation, 36 ; marine, 71 ; plains of, 

Q4; bjrrireiv, 146; glacial, 222, 



Deserts, Rainless, 08. 

Development, Pi-ogressive, 343. 

Dew, 197; compared with fog, 202. 

Diallage, 34. 

Diathermancy, 243. 

Dip, 44. 

Distribution of Life, Laws of, 320; hori- 
zontal and altitudiual, 323; in space 
and time, 333. 

Doldi-ums, 264. 

Dolerite, 35. 

Dolmens, 356. 

Dolomite, 34. 

Dove's Law of Temperature, 285. 

Drainage Areas, 139; relation to oceans, 
gi'ouping of, 152. 

Dravidian, 351, 359. 

Drifts, 124; equatorial, 125, 132, 133; 
Antarctic, 131, 132. 

Dry Land, Relief of, 70. 

Danes, 77. 

Dust Storms, 277. 

EABTH.Diameter and rorra,13; axisof, 14; 
cubic contents, 14 ; specific gravity, 
14, 15; internal fluidity, 15-17; .com- 
position of crust, 19. 

Earthquakes, 306; wave, 308-310: co-scis- 
mic lines of, 308; area of, 311; distri- 
bution of, 311; and volcanoes, causes 
of, 311 ; Sir W. Thomson on, 311 ; 
periodicity of, 315; inflaence of moon, 
315. 

Ecliptic, 14; obliquity of, 14; inflaence on 
climate, 293. 

Electricity, Atmospheric, 280; and heat, 
281. 

Elevation and subsidence, 315. 

England, Valleys of, 88, 139; thermal 
waters, 186. 

Equatorial Drift, 125, 132; Pacific, 133. 

Equinoxes, Precession of, 17 

Erratics, 234. 

Escarpments, 90. 

Eskers, 167. 

Esquimaux, 352. 

Etesian Winds, 261. 

Ether, 239: vibrations of, 250. 

Ethiopian Region, 327, 329. 

Ethnology. See Man. 

Europe, Plateaux of, 92 ; rivers of, 156- 
159. 

Evaporation, 195; its effects, 195; from 
soils and plants, 196; from glacitin 
224 243. 

Evolution, 343, 346. 

Facial Angle, 846. 

Fauna, 317; relation of living to extinct, 
818 ; mesozoio compared with Aus- 
tralian, 318; Wealden, 318; insular, 
64, 337; deep sea, 117, 84V 

FanVte, ^&. 



W: 



Frnmilnoiu Bpilnsi, IE 



of, S5T; null 
Hltln, 76: tegi B 
HIdmIbim, 86, 



dsw, SD-2 : of re 



dn'c Pein of 



GoUlio. A., M, ST, 117. 

OeikiB, J., 31, 

Geognphfi Dotuiicnl and ZoDloglcal, 

OoolonT, !(■ BelBtion to PbjiiiHil Geo- 

_aniiiia 0«4ii, 103. 
Geysen, Th«t} gf, gll. 



Ge 

^^ GL 

^H On 






nnUoQ of, %ii: 
■tteam banntb, 
D; gnmpimt ttitb 



; umpCTiitDn of 126, 




I, IBS: thsD^ of otigln 
": of luUidoic*, ITlj 



Taiida, Ob. 

LHiid, nUer of, TO; i 
lister, Wi: upocit 



Language, Ethncln^icnl Valua.niT: Iluiu- 

847. 
Iat*, S9!t; ioiiiirs ot, SOI: compositioii 



T.lglitiilni, ass. 

30^ cij'Blalllue, 31; mneneiiliiu. 



UasnetuDi, tenmtiA], STS; nignetJs 

aTonoMMity. 279;'»tOTni*, 280, 

Una, Ooogrepliioil iaSDcnim on, 6i -. 
845 ; poKBT of eiidiiru.M, S45 ; 
Esqni 0)11111,852; unity nndrlurslilj, 

tkull, proporUDUB of, S4[i; bni^yiw- 
phnlia, 349 : dclicliDcopimllc, 8<a ; 

broguaUilnu, 840; Heloriaiu, SEiO; 
3CjinthoinelAno-tu. 351 ; ^urtLocJuoic, 
Hi; Ueluiocbroic, Sa2; Negro, 8(3; 

null, 3H ; evidancei of antiqnitf , 

3!i7; primitive borne of, S!i7; di*- 

Mu^ra! eea'of, 103. 



llagnllthi, 951. 
MeTunochrolo HUM, 353 
Uelaiious iticci, 8511. 
MeLtpliyro, 3S. 



igriitioD of BpecEH, BSD; nmlti of, C8Sj 
imioi7, 334. 

. lD«>ll,St. 

Uinenl Siirii>E>. 18«. 

"'-iulivui. Delta of, 00; anoIaDt TiOtj 

"stral !ni. 



I); E>1e<< of, !28; manliio 



Neoliliilc A^e, 858. 
Keotroplcft] Itegloji, S 

Newfanniilaiul.FflKei 



OcsBoa, 10!: FidavIi>S: AUintio, lot; 

SOna of floor, 107: depouUin, 108; 

IpMiflo gtMitr of, 110: teinpenliin 

of, 113, ISO a»«: iDiulnoilty d, 118; 

dendty it InaiBg jfoint, lis, SiB. 
Old Bid SanditoiH, Lnutiliw, 178. 
Orbit, Eooentildt)' of EuUil, IT; IdBh- 

eu« on olinwU, SOS. 
Ort1wGii>itblim, SIO. 



Pionc, lB]uids,fl4;oesui, 10S:aimndinH 

rMM of! 853, 300. " ' 
FBlBmrctio PioTitioe. S2» 



£Bi:w&toBjiIaiIi^,^ 



r 



Ciimnt, 132; fc2», !i 
TAibibiiBtai, »«. 

HuMUhOTOKBtlDfl oT B«tj IIS, 

Phrnnl tisogruibf , lu Swpe, : 

PiHh Idko, ITS, lao. 

FWoi, 93: oTdspoaiC, 83: of dm 

S4: ult, 1«£; *UnT»r, 1T7. 
PlanUi, DlnarbinB Inflnanoi a., __. 
Flanti, Erapntstloa tcmn, lOi: ipoHu, 

SIB; DHrnJtai — ""• 
PUirtiiiiWi'- -" 



lUunT Dayi. number of. 2aa. 
EUnwu an Lske^ 39, IDS, ITS. 

Bed Sari. ID^T ttfDIpBI-Atutfl 0^ ll^J ottr- 

Bafwiign DfLiybl, SOg) XAI; of Esoild, 

Bogi-itfon, thooij ot, aiT, 
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Belvas, 93. 

S^racs, 224. 

Serpentine, 34. 

Shales, oil, 82. 

Shoals, 69. 

Skull. Proportions of Human, 340; index, 
349. 

Siliceous Springs, 184;' deposits of, 29, 
190. 

Silurians, unconformities in, 43, 52. 

Simoom, 277. 

Sirocco, 260. 

Slate, 34. 

Snow, 212; ciystals, 212; flakes, 213; tex- 
ture and colour, 213; compared with 
rain, 213; limit of perpetual, 213; 
converted into ice, 218. 

Soils, saturation of, 180; evaporation 
from, 196. 

Solstices, 286. 

Sound, Analogies of, 248; waves of, 249; 
velocity of, 254 ; in different sub- 
stances, 255; intensity of, 255; refrac- 
tion and reflection of, 256; resonance, 
256. 

Soundings, Deep Sea, 53; how taken, 103; 
Atlantic, 104; Mediterranean, 106; 
Indian Ocean, 107, 150; Pacific, 107. 

South Connecting Current, 132. 

Spain, Mountains of, 79; springs of, 187. 

Species, Ongin by modification, 325; va- 
luation of, 325; analogous or repre- 
sentative, 330,335; migration of, 330, 
835; results of, 332; influence of cli- 
mate on, 822, 831; distribution in 
space and time, 833; valuations bene- 
ficial, 334; mimicry, 384; resem- 
blances of homogenetic and homo- 
plastic, 334; pelagic, 341; extinction 
and replacement, 342 ; pei-sisteut 
types, 342; progressive development, 
843; • Barrande's colonies, 43, 848; 

. . man, 346. 

Specific Centres, 325. 

Spectrum, 252; absorption bands, 252. 

Springs, 178; origin of, 178; saturation of 
soil by, 180; conditions of their ex- 
istence, 181; their yield, 183; of Sa- 
hara, 182; mineral and thermal, 184; 
siliceous, 184; calcareous, 184; tem- 
perature of, 184; at Yellowstone, 185; 
English thermal, 186; ferruginotis, 
186; intermittent, 187, 814; periodic, 
187; of France, 187; of Spain, 187; 
Bischofs classification of, 188; of 
Auvergne, 188; petroleum, 190; rela- 
tion to volcanoes, 313. 

Strppes, 97; Pamir, 92. 

Storms, 273; rotatory, 274; velocity and 
area of, 276; tornadoes, 274, 277 ; ty- 
phoons, 274; cy<Aones, 210, 274 ; pres- 
sure during, 274; waves, 276; dust, 277: 
magnetic, 280; hail, 287; thunder, 
282. 



Sti-atIficat!on, 85-41. 

Stratus, 200. 

Streams, 124; Gulf, 120; beneath glacier, 

229. 
Strike, 44. 

Subsidence and Elevation, 815. 
Subterranean Movements, 71, 315. 
Surface Wash, 225. 
Survival of Fittest, 333. 
Syenite, 84. 
Syncline, 45. 

Tasmanian, 853. 

Taurus, 80, 101. 

Tehuantepecer, 2C(J. 

Temperature, underground. 15; of ocean, 
112, 290 ; of Mediterranean, 114, 115; 
of Athintio, 114, 126, 128 ; of Indian 
Ocoan, 115; Red Sea, 115; and depth, 
116; of Gulf Stream, 126; in Atlantic, 
126; of springs, 184; and density of 
freezing water, 215; of atmosphere, 
240, 243, 245; decrease with height, 
246; relation of, to latitude, 284; 
Dove's law, 285. 

Thermal Springs, 184. 

Thibetan Plateau, 92, 161; people, 851. 

Tliomson, James, on Glacier Motion, 217. 

Thomson, Sir W., on Geological Time, 
16 ; on internal heat, 811. 

Thunderbolts, 283. 

Thunderstorms, 282. 

Tides, 121; priming and lagging of, 122; 
spring, 122; neap, 122; co-tidal lines, 
124. 

Till, 233. 

Tornadoes, 274, 277. 

Trade-winds, Atlantic,260; Indian Ocean, 
266. 

Tramontana, 261. 

Trachyte, 35. 

Traps, contemporaneous, 49; intrusive, 
49, 804. 

Tundras, 99. 

Turkestan, winds of, 270. 

TwiUght, 251. 

Typhoons, 274. 

Ulotrichous races, Sr,0. 

Unity and Plurality of Man, 846. 

Valleys, formation of by rivei-s, 72; 
transverse and longitudinal, 78, 139; 
forms, 74; submerged, 75; of Eng- 
land, 88, 139; antiquity of, 139; 
obliterated, 150; of subsidence, 172. 

Vapour, aqueous, 195; pressure of, 195, 
240; condensation of, 196, 208; trans- 
port of, 203; influence on tempei-a- 
ture, 243. 

Vegetation, influence on rainfall, 207 ; 
inflnence on climafe, 291. 

Variation of Species, 825; beneficial, 884, 
Yersant, 189, 
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